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Abstract 



PROBLEM TO BE SOLVED: To obtain the subject new gene 
corresponding to a causative gene of human Werner's syndrome (WRN), 
consisting of a mouse WRN gene coding for a polypeptide containing a 
specific amino acid sequence and useful as a reagent for detecting a 
WRN gene, etc. 

SOLUTION: A new mouse WRN gene coding for a polypeptide 
substantially containing an amino acid sequence expressed by the 
formula. The gene corresponds to a causative gene of human Werner's 
syndrome, is useful for a study to elucidate the relation to the occurrence 
of human WRN and to clarify a mechanism controlling the homeostasis 

_ of a living body, and is useful as a_diagriostic probe for tests or 

prophylaxis of diseases related to the occurrence of WRN, etc. This gene 
is obtained by amplifying a DMA fraction having a partial sequence high 
in homology to the human WRN gene, and a DNA fraction whose 
sequence is unknown and a 3'-terminal-having DNA fraction whose 
sequence is unknown, both of these DNA fractions existing at the 
upstream side from that DNA fraction, and further fusing these DNA 
fractions. 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject new 
gene corresponding to a causative gene of human 
Werner's syndrome (WRN), consisting of a mouse WRN 
gene coding for a polypeptide containing a specific 
amino acid sequence and useful as a reagent for 
detecting a WRN gene, etc. 

SOLUTION: A new mouse WRN gene coding for a 
polypeptide substantially containing an amino acid 
sequence expressed by the formula. The gene 
corresponds to a causative gene of human Werner's 
syndrome, is useful for a study to elucidate the 
relation to the occurrence of human WRN and to clarify a 
mechanism controlling the homeostasis of a living body, 
and is useful as a diagnostic probe for tests or 
prophylaxis of diseases related to the occurrence of 
WRN, etc. This gene is obtained by amplifying a DMA 
fraction having a partial sequence high in homology to 
the human WRN gene, and a DNA fraction whose 
sequence is unknown and a 3*-terminal-having DNA 
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(54) nmo>«fH th©^x;p±-ffi^comH»^ic^^sv^x»^f2fe«Kja^*«3-H'rs^>'/i 

(57) 

sa?iJ#^-2-e*^tt?)T5y^ia?ij$ril 

EJUS-* 2 -CS^tiS 75; mBm&9tKttfz$ 




[!»*:« 1 ] ■ayiW* 2 £ frS T 5 y REM SrH 

{C-^tfV ^WR NlW, 

[|f*^4l f**« 1 ~ 3 1 Wc|B<fe©it 10 

e?-©4>&< th— sct/M^y ^x-rs^y =?^^ 
111*551 »*3«i~3©v^i"jLd»i5ifcfla«©3t 

«rtP*-grtftt**.#DNA„ 
[W*56l »*Jl5B«©m*i#DNAej:oT 

(11*971 tt*96Ctt©»mEIM*fc*f*U » 

K5t^}S„ 20 

[«*S 8 1 IB?IJ#^- 2 T?* £ ^ T =■ y B£IB?'J 

Iff #9 91 ff*^81E«©#y^:7*^Ki^l$t- 
1 0 1 Ifcftg 8 fE«©# y K t #Hl& 

(csjes-^s^ y ^ a— r /vfeifro 
[if 1 1 1 Mcfeg 8 fBfc©# y £ 

{-<fc <J#t>;fr3, if*99IE*©^y ^o— r/uttfc% 30 

int*gc i 2 ] t»*«4ia*©^-y va-?- 

i 3 1 8 ie«©# y k, st^w 
#y 9n— tA^m^ts. Vau/u-r— &m&<o&m • 

[ft 5fc® 1 4 1 Ul*5 1 ~ 3 © V ^-ftlfr 1 JS^IE*© 

-^<y^-o 40 

1 5 1 If 1 ~ 3 ©V^f ft#> 1 WdlE^fe© 
ate^f ©^w-^</uSr-h#X(4TI^-r5 J; 5 {-{^KSStb 

[0 00 11 

J!m^©iSEga^(c^-r-5^^T!J'^5t'IH^-, ^ 
[0 00 21 50 
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m*fMK. — ««j**Afcjie>;ft 

&/t©ii*g. &*©«&**** t» 

[0 0 0 31 tr^-e N fr*^— ffi#|#A#**©& 

TV^r £/$S|£®ll&tc£n?3;ft/Cl'>.5 (Richard G. A. Far 
agher et al. , Proc. Natl. Acad. Sci. USA. Vol. 90, ppl203 
0-12034(1993))„ iixf> ©**«:. V *su-r—&@m& 

=i>- hn— /wL-cv>£t>©© — r©3te^-J- 

[00041 t£oT, £^/W-— it-g^-Sr^c— 

e^-lis t ^S5l5© ; t.©^^qeJ^^TV^S (Science, 272, 
258-262, 1996). b^b, ^-ftflt Mcfig^S t©X* 
li^cv^c*. t ^J^^^©t!)^^l^*5V^•rt,^^/^■^— ate 

[0 0 0 5] 
[00061 

K-f-S-v^^WRNJte^-'CfcSo ^^5S€f i: Lt 
tt, -P>Jx.(iBa?iJ#^- 1 Xtt 3 $ tbSi£Sia?USr^K 
ttJc&tf|>©^WfeH4. 

[0007I rrf, rsiKWf-j *^K©^y 

9, *fc, ^^©■^^^WRNa'|S?-^*:5l^©#y 

^ Kfc$4*i57 $ y ^bb?ij, xii^^i*e^-©ii*ia 
?iJic^, ma, »A*©se»i8*£&Tt>J:v'>r. 

[0 0 0 8] ^oT, -P!l^.liia?lJ##2-e^$^ST$ 

y ®?sa?ij©^ 1 # @ ©^ v (Met) lt 
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[0 0 0 9] £ibt^ &¥&Wn. mllE^^^WRNste 
WRN»^£^frffi&;i#:DNAT*fc6 0 £ *>t;i. * 

[0 0 10] £<bf-, WIB»jnB*#:Sr«f* 10 

5 # y K SrSEBrT * r. b «r W# k1rz>&tf]) 

[0 0 11] Sfclc. WlBaKy^^Ki:*? 

[0012] se>{^ #xrara\ miB^-y=f^^w^ 

[0 0 13] $ #3B?H«u ffif|B^*;*WRN»e 

Xllv ^ ^ WR Nl^C>M i/^?r±#X[iT 
J: 5 {ctf Kt^nfcae^ ^3»A*ttfc h 9 V* 30 

[0 0 14] 

«88©*y^<^KI4. B2fc;S-*\fc5K:, r^/Slw 
^y if • ^e^— 7Sr&tp 0 H 3 ic^i-FISHtf) 

^**Sfefi#:f&8#<D8A4 {c#fti~5r fcdS?iWS^ 

— & LT^bTV^^tt^rP^^^Lfc (04A) O 
^ftt, Zoo Blot J: *#p«f i»*<fc 0. WRNiSe-? 

•So 

[0 0 15] ^**WRN l&fc^&&mmm\zmX k*<D£ 50 
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5 b T V ^ 6 SrW^ 5 (Mul t i-Ti ssue) J — 

[0 0 16] W_h^mSr^-r^^, -^^^WRN »fe 
«Sra*.TJt;tt»ft<ift#$ix (04 B) , 

ttfciiir^fo (0 5) , ^flc<Da*Wft1S»ttollfc«pfc 

[0017] &3£w<D-?vxmi «te^«\ Mx.tfflr 

Long-distance (LD) PCRfeRU* S 
uppression PCRffiO 2 oOj^S(-S<5v^T RACE (Rapid 
Amplification of cDNA Ends; Frohman, M. A. et al. , Me 
thods Enzymol. Vol. 218, pp340-358 (1993) ) frfro^k 
9#<5^I £# S ~C#<5 0 WRNttfe^- 

tSDNAlril- (5' *4»Sr*ri"*DNAW>i-Sr-&tr) 

•cfcoti^ij^^DNASfMt;3 ' 

DNA»^^*oTiByB*S7|5toODNAIW>i-«r*i«U. 
^^i-. rtL^(DDNA»fitcOp^(C J: «9 , ^^COcD 

[0018] *5l?g-e(4 N rc^gCD c DNACO^ n — ^ 
&\7L\£^iWL<0*y V (Marathon™ cDNA Amplif 
ication Kit;CL0NETECH tt) $rfflV^T^T5 - b&X% 

[0 0 19] hWRN m^t^^r 

©i«vNSs^BayiJSr^ri-SDNA»f^r Wcdn 

AW^) fr*iBi"So ^^cDNAi/irH EyilH: 
*^^fcS35W^^»*XttWII«**^>poly(A)+RNA ^ 

wiortm^ KRNA^e>as(E^» 

|^V>tcDNA^U RT-PCRtCt 5«|55>c DN 
AWr^-SrlBKr* (Bl(l),#H*»») • ftlc, #fe 
tbfc6S»cDNA»f>i"<OEyBSr«fcfebfc«, ttffi^ c D 

NAiw^oiawtjstc4««(oae^w*w^?>f^— 

(GSP) (5'GSPl, 5 > GSP2. 3' GSP1&V3* GSP 

2) 0 gsp mm&cDNAB&iivhs'mAm 9 

m<onm^uir & d n a <onm ds**a -c ^> t 

^ffit-Sfcfe^S^SttS^-f-^-^fcSo GSP 
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5o #3£W-Ctt, SRS^cDNAJ:9fc5*ffll©*»E 
?US:*ii|Si-SI!S^«ffl-*-SGSP 8:5* GSP1XW5' GSP2£ 

m^m-r 6GSP £3'GSPl&U ? 3'GSP2£-r£ (HKl) 

[00 20] #^ &#cDNAJ;«9 t> 5 * «&tf3" 
{|iJ(C#fet-^DNAW>i-Srlt*I-r5o LTtt, m 

m&^Vxm&s MfOft^cDNA (ffil^-tf. CL 
ONETECH *±<DcDNA Ready™) §rfl§V*5 C £ s o ~ 

©»Mfc**DNA(WjtOHB?0tt**P"C*>SdS, #DN 

AW>t<o**lcttr^^-B3nl*#a^Si^Tv^So * 

(Ti?79 — 7?4^— (AP) fcl*5) aVWIEGSP Sr 
^>r^-<*: bTffl^T. T^*— i»»«SJxfc. IB 
#J3S**P<£> c D N AW\X-<Dmm&}& (LD PCR) £r 2 EJfir 

[0 0 2 1] Wx.fi, m 1 (2) ^K/STtt, ^TAPl R 
WGSPlfrfllV^TPCR «rfrl\ fcttffli L 

3Jttt8tfl5APl XW5'GSPl©ffi«J: t) fcrtffl9^ffi«^ 

^>r ^ y *v xi- 5 r t £ >r (ap2&u?5' 

GSP2) ^fflV^TPCR £fif 5 (nested PCR) 0 11(3) AX* 
(4) ©R/£fco^TfcB«-C*>S 0 flU 01(3) <£>S 

jetcfflv^55'GSP3fcoi^Ttt, 01(2) <DK/&-c#fett 

[00 2 2] *«Kt?tt, a^cDNAlfit (SB?!l#-9- 

#■1"* DNARif Sr5' -RACE-1 jg#J,&:^5' -RACE-2 ffi 
4^ OtatWu, HI (2) . (3) ©KJ&g*T?*>5) fc 
U T«Kt-^et-^DNA^f>t 4:3' -RACE j£« (Hi 

(4) (DRj&mm) k-fz> 0 

[0 0 2 3] fc*3. AP»7^-<OjSW*»iWi:E 

#I«r*?ofc«>, T^/^-l-ttT^—y —El 
B Jie^flflFftKir^^^— (GSP) ^fe<D* 

f*;fti~3 (^liftS: Suppression PCRfcV^) 0 

[0 0 2 4] #ct£. mflEOj; 5fcLT#&Jh,fc5'-RACB- 
1 5' -RACE-2 j^feu ^cDNAlrMW-RAC 

E jS^cOT^^^y Srfir5o frmftW**— 

jg^OTi?V:/y tt, 3rs> h (cDNA Ready™ ; CL0NETEC 
H tt) ORW»fcftoTfT5ri:*-e#4 0 
5'- Xt* r-MffiSr^tf^gco cDNA (IS 
1 (5))o 

[0 0 2 5] #e>tUfccDNA(DiftSiE?!lOft^tt, Ha 
ttori [Electrophoresis 13, 560-565 (1992)] JeJ: 

fc>t>, Perkin Elmer^©at*^>f 5 
^ PRISM Sequenceing Kit£{£o TS/SSr 

fift\ Applied Biosystem ftiKO^— 
(^-yvl- ABI 373) TJSSiB?U*R*Slt), mm>(0 Mac 



intosh^^t 0 ^. — ^ — (CJ: 9^— ^£>»W§:fT5o 

[0 0 2 6] Jfefc, fltrfBB* -RACE-1 5* -RACE-2 S 

«K DNABf^XW-RACEStt^oV^rtlHifil 
LTffiSiayUS:*^ U ^tb^tl^ * *WRN 

[0 0 2 7] «SEyU*s— , 

«SBWSr^T*-6DNAltf^Sr^n-^i: LW^y 

[0 0 2 8] IB?iJ#-fH8{;L5' -RACE-1 IB?U#^19 
(£5* -RACE-2 @3^IJ#^-17{Ct hWRN 

o^OKV^cDNAUrii-, IB^^O^-RACE 
jg^, 3fe V(CBB?iJ#-g- 1 & V 3 ^WRNate-T-^ifiSiByiJ 

20 ^S*»Aft (^tf^fi^ttOTAKARA LA PCR in vit 
ro Mutagenesis kitSrfflV^fc^ffi) ^iOfffo^ 

[0 0 2 9] II. BAC DNA £ffll^fcDual-color FISH M 
W 

fe^fcc DNASr-gtfBAC DNA Sr^V^*:Dual-color FIS 
[0 0 3 0] FISH (Fluorescence in situ hybridizatio 
30 y^XS-fr, ^Jia^_h-e^:(DDNA ©ffi«SrB{ca*.S 

[0031] frm*m<&mj&te?k<DmmT^z> z t 

t£ 0 ^»>^JEtt^^J5a(EmbrionicStem^ffiJia ; WTES^ffl 
J9S^V^5) h^AT^l/f^y (PHA)"CfUS5:bT 

MA7^ KXt^SSC [Standard Saline Cit 
40 rate; 0. 15M NaCl, 0. 015M Sodium Citrate (pH 7.0)] 

tg»L/c DNA^n-^^S/S^iir^^. r<D^tK DNA 

fet v 5 =f v-^ ^ ^tnWX tt FITC-^^ T tf v> ^ if 
aLT^te«BM-5£, DNA /o-^w^y^x 
LfcffilBSr. y^o^Ttt^, FITC{coV^Ttt 

[0 0 3 2] III. cDNA ^ n — V<DS?W 
(1) tf>^DixHcJ:5)Wf 

so iMf^^n^ nrri, mmmmtekiz.xoxtymistz d 




7 

[0 0 3 3] *1\ DNA $r)t£rT;*fn-;* . ^/l/^lS 

*»-ef->rx(oav^c«v^illii-5o 7^*ys 
/w^-^i-o rco^/w-Sr ratauife^a 

X^^ — (C^tt5 0 *<Dj|g*, 'M'Xy X'TXLfcDN 

60 /P^tUfi, fJIE^fi cDNA <D'J?%:< fcfe 

ffffcWMoV^Wu ^J£^J3(cfEi- 0 
[0 0 3 4] (2) If^ny McJ:5*WFr 

if^X* ^ b£te N RNAcdS^co^7^^#^corna 

[0035] «uaxtt*a«fed^©RNA <D&m\*> wxj* 
rna £^>r x<^i^5mu r^y»wj£(cj;»)^ 

t£#U [ 32 P]^-</WL*:cDNAXn — X<WM*Xy X 

>fX£-&£ 0 ^rbT, b 9S**X^ 7 >f 

ii\ /o^t/W Xy ^-<XLfcB»C!>RNASr4ftffl-t- 

■So 

[0 0 3 6] rco^ffijcj: D . Xu— Xtc/f^fccDNACD 
IB^J^^fiSi-^mRNA^^ai^ix, @($<£>»e^-<£> 30 

5 0 Xp — X^LTf*. #llx.fcfMarathon cDNA Kit Srffl 
V^T#e>*tfc^^kScDNA<0— «B-C*)53'-UT (278 bp) 2* 

[0 0 3 7] IV. ^ffiE«ft<0fHH 

*«WOJK«eift#:tt, #3^©tt*tfe;UfcDNAS:, 

stLfcate^sr, iaa^^^-DNA <d#jri**«ws:x 

ttT/l/f^P-^y^ HcJfALT^&xffcDNASr 40 

[0 0 3 8] DNAtSr^Srffi Air&tctiXD^? DNAt*. 

X9*5KDNA, ^DNA ^dSpff fett5 0 

X^^^ KDNAfc Ltlt, ^Jx.tfX^^^ K pUC118(S 
jgigttSi) . PUC119 (Sffii6tt«) , pBluescript SK+ 
(StratagenetfcSih pGEM-T (Promega*±Sg) 
*K ;7 7" — i^DNA t LTtts 0»J;ifiM13mpl8 , M13mpl9 
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[oo3 9]s±tim awt^sae^Srasa-e 

(Escherichia coli) . s^/UX • XX^ y X (Bacillu 
s subtilis) %f<D$®M. f ^^n^i?^ ••1rVt^x(s 
accharomyces cerevisiae) ^<D$$M. COS&fflJ5S, CH 

[0 0 4 0] *»«*(D«M«r1&£fc UTffl^4»& 

"CfeSfcHBSJC. Xn^~^— , *p^(?)DNA N fc^ 
Ji^t UTfiXLl-Blue (StratagenetfcSJ) , JM109(^fi 

setts) «^we>*K Rs^^tim w*.tf 

pBTtp2*36S*»f?>tt* 0 /n^^-iltll ^Jiiffi 

X\f\ Mx.(l trp Xn^e— s lac /p^^- 
P l /p^^- P R Xn^— ^ — fc^<o*»m>:7 

[004 1] *»M-Ctt % ^Kfe&te, #I*.tf Hanahan 
(Ojjfe [Techniques for Transformation of E. coli I 
n DNA Cloning, vol. 1, Glover, D. M. (ed. ) ppl09~136, 
IRLPress (1985)] (C J; *9 ft 5 ^ b ti*-X*Z Z> 0 

[0 0 4 2] &m*m±b LT/Bl^ii^te. 
Z-bVsX^ #lx.tfYEpl3 , YCp50*dS^tf bth% 0 X 
o^-tim W^figal 1 Xa^— , gal 

ioxn^e-^-^^^tf e>n5o 8i^a«i#DN 

& (Methods. Enzymol. , 194, 182-187(1990)) , 
^7^hS (Proc. Natl. Acad. Sci. USA, 84, 1929-1933 (19 
78) ) . gt^ y ^ ^ A ffi (J. Bacter iol. , 153, 163-168 (198 

3)) m&mf £>*L6 0 

[0 0 4 3] «b*jWaSSr«*i:bTfflv^Si»^tt, %m 
^ ^_^> LTffil*.«pcDNAI, pcDNAI/Amp (>f > tr h a 

[0 0 4 4] 9 — DNA b LTX^X ^ K DNA^ffiV^ 
ffil^tf EcoRI DNA»f>tSrifA-r5WS, X?^5 

KDNASrffiJRRS* EcoRI (NEB ttK) SrfflV^T^bLT 
*5<o »CV^ DNA»f^^-gO»f$ttfc-<^^-DNA^^j!l 
^b. ^!| x. fiT4 DNA y # — if (^JB^ttM) §r 

[0 0 4 5] -hfBJg«teSMt©^^ y— c^^Xtt. 
3tfi^O-«S:-&tpDNA Wf^«:Xn-Xt b/c^n^- 

(RP) £-£/&U wtb^coX^^^-^r^l^TtPCR 

J: 9, nfbb1r%i&fe^*^tt^x2~-*m%l~tZ>Z.b 




{0 0 4 6] V. t?;*.WRN i&f&T&n — h*-fZ>tfV ^ 

[0047] Mmmmfc&t&m-rz&m t Ltit «*. 

*&Bf©igife©pHti7. 2~7. 4 {H^tiiU ^*ttait36~3 
8<C. »*L<tt37 < CMm-ei4~20B#ras 

[0 0 4 8] *g**&T^ i t) ^zsmotf v 

Slims. -t-^tJ^, y y^-A*?©^ SrfflV^ 20 

[oo4 9] ±w,m^v^^-] t mm^h, 

[ 0 0 5 0 ] vi. ^ y 9v~^t\'Wfc<r>'(&& 

[0 0 5 1] (1) *aJf:»M 
IMBC^Sc (IV) fcJ:0#fe;ftfc#y^:^KfcttWR 

■41/ KO^F^r^a^y b^&mif bft. Z.iXb<F>tfl 40 
*L© t> © Srffi-a L T t> X V \, 

[0 0 5 2] (2) ft«Xim#ffii£iWUa«>»ll 
±IB©i:5(-bT#e>^^ig^^i«?Li&!fe, ft*. If? 
?K -v>^^i*f-S:-%-i-S„ anSOftft*r*llHlKH!i 
• ltESfc!). 10~500,zgffl^So AgMMfctt* itL 

-rs 0 

[0 0 5 3] S«l©MB*^2~7Bf, &tL<li 50 
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v\ 

[00 5 4] (3) fflfaM& 

UV\ *xn- <e$BJB$©A#:0!l£ UTi*. P3U-1 
^iS^tt^) s P3x63Ag8.653/<Ct*©-v^^$^P— 

[0055] jwc, _hiE$^o— *mmtm.#m£.mm 
m, rpmi-1640 mm^^^mmmmmmmmm^. io» 

^JJS/ml©Ja#«£#fflJ8£i 2 X 10 s *fflJtS/ml© 5 ^c* — 
-^^JJS £ £-^SZSl^ U »-&{6iWWflP6E© fc t TBS- 

[0 0 5 6] !WI&B^&ffi£S*afc«>fcW:, 

41,500y/Wb^©sKy ^vi/fV =i—A,!$&&mir 

srt*ST?^s. «««ott 

v- 3 ^) £5RW! Ufcrf^JR©lwaB'&a6«*fflv^■r0t 

[0 0 5 7] (4) y^y^V K— ^Ojl^t/^ a— ^> 
it 

jajfiL»-&* RPMI-1640*tftft^-CiBad*|R«, ^-r^ 

[0058] *»tt*fc/^^y k— <7<oi%m±m* 

SiL, ^^^^S'J^& (EIA; enzyme immuno assa 
y) > RIA(radio immuno assay) ^(ilJ:o T^T 0 ZLbfi* 

[0 0 5 9] (5) */^n- ^/WfitfrO^Si 




10%'?v'J}&ilJfiim-& ; f RPMI-1640Jg«6, MEM t&t&Jltem 
<ffil*.tf3rC, 5%GQA£) -eiO~14BIH«*U ^ 
[0 0 6 0] I*«i©i^ll 5*0— ^mja** 

[0 0 6 1] ±|Btt*<D«Bc&«fete4SV^r. fet^O^jK 10 

/isfu^ V^f^y ^ — * if <Z>4^*PCO*j£Srai:{c31tR b 

[0 0 6 2] VII. *K y ^ n — ^/WfitftWfNR 
(1) £UR<D1KH 

[0 0 6 3] (2) jfejg 

ii^l00//gd»e>500/ig (DTgy^^Y^^nsO 

5g U *»ftffico-Hre«fcS J: 9 SB4>«JfiL LTEIAffi 
«KJ:9ttffrflSS:jB3e^-S 0 ttttffij&s 1 Wattle* LT 30 

[0064] viii. ^#*wrn ae^xv-t^ae^as 

v>»adSB«>6>tufcri^e> (B5) . 

[oo6 5] ffi«»©tfttti 
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fc*3. ty^^WF/n^tlXIt DNA 

— ?\ rna ^u^ym&mf bti&o 

[0 0 6 6] *5SM^ae^Sr=xv-Ki-5#y^ 

^tt, EIA, RIAXtt^ai^^^os/ hftW(-<fc 0*U 
[0 0 6 7] IX. ae^©»S^/^Sr±#XH:TI»i" 

*36W^*V^Ttt, ae^<B#S&:E#fc8Mj5LTV^ 
-Y^hP^fljE) cD-g^^c, B** JfA*<0*»Srfi 

[0 0 6 8] _h|5^m<O^At^ ^(OV^ftO^ffifc 
(^JX-fi^JSitttOTAKARA LA PCR in vitro Mutagenes 

is kit) ^SrJflv^;: i^t?frs 0 h^v^v^-^ 

LThJ\ Wx.tf i^S^^s/^?;*. 

[0 0 6 9] fflrEaASr^Abytae^Sr**"*-*^^ 
^tim WRN »g^FS:ifl3H*aS^:S i 

[0070] sus^ae^^*? Att. s^p^asDN 

1995^, ^±tt) o 
[0 0 7 1] WRN ae^-Sr-g-tP-bBE^^^— DNASraiV^ 
^ hP#Wi/ 3 ^(CJ; 9ESfflflS^»AU ^^^V 
^T?*^>f ^»SUU @6tloaMES«BJiaSr#-5 0 JifE 

-r^^ttcj:!?, 4«3R3?0<O*y 9»»-e*>*r 
[0 0 7 2] X. ;-;^7?hv^ 




*5l^cOy y#T V ^ #*WRN flWS^ 

A SrPCR Xtt^y^9>f ^9y— <t9#, -t^-ftta* 

asufflo^i^*^— (tk) *gfxtt^7f yr 

DNA SrESttUJgliC2iCAi-So ^ 10 

^aSUfflO«BHgfil#:FIAU(fluoroiodoadenosyluraci 

5 Lfcv^ir y r*#«§*fe*ni 

ffii3«ai(i*.srer bfc«niia^*^a5o -owns 
-era, mmzthfc^? y>&^&mte^&y iy?rv h 

[0 0 7 31 nbtiitmfo&^&x<DmBbmfax\iZ8ffi 
fiMK^aA-rso *«>*Hu 20 

[0 0 7 4] 

I^W-r^o fib, ^Mtti^fe*«W(-*«>t6««i»S 

[0 0 7 5] CHJfiW 1 ] Marathon™ cDNA Amplif icat 
ion Kit ^l^c^-^WRN cDNA<D^ 
(1) RT-PCR(CJ:^^^^WRN ifi^SJ^cDNAWfr 
<Dm$L 30 
(i) aK¥t J:5 c DNA(OHS!»i;*fi 

[0 0 7 6] Poly (A) +RNA (CL0NETECH tfc) *& 1 /* v 5 
^f-^Wf /K dNTP (dATP, dCTP, dGTP&U^dTTP) 

, 7r-»tf»fi5#* Super Sucr 

ipt IlSr-&tfSJES«Sr, 42 < C-T?30#KJ£$'ta\ ^rO^ R 
NaseAQiSSTbTcDNASrWliUfco cDNASr^^w 
-biU AG1897 (SB?iJ#-^8) 2SUMG1911 
9) Sr^-f ^ — Lt, Taq DNA #y ^ 9— t?S:ffi 
l\ RT-PCRR/SSrfrofco 

[0 0 7 7] RT-PCRte, 1.5 mM MgCl 2 , 20 mM dNTP. lx 40 

Perkin-Elmer Cetus buffer, ^-y^y-f -e— 0. 3 mM, R 
TfQ. 25 unit Taq *K y * 9~t?£r&trl0;* 1 ©jfi^KJGS 
m^-Vffotio *i\ ±15K/Sifc£94tT?5#R/S$ 

94°C-T?30®\ 55 < CT?5#XW2 < C-C14><OS 

fc^*Sr* fe^72t:^5»^**TDNA»«Sr» 

[0 0 7 8] (ii) «SIBy(lgt^^fc«><Z>RT-PCW£«<0 
ISM 

JnfBDNA**. T4 DNAy#~tf (^JBa&ttS) * 50 
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T— (SJBifittK) , XVpGEM-T^*-- (Promega tt 
*f)ft^tf««*15t:"C3l*MK/£*ii-T. RT-PCRS^ 
(Dff>H-^rpGEM-T-<^^ — (dll^A/^Co ^^^^-T + 

-gal, IPTG&tfTVt^v-y > (*»«a[50/ig/ml) Sr-g" 

ft50^g/ml) Sr-&tpLB»*"C. 37^"C16H#raE*±ffiiS« 
*U KurabotUBOaTK^ KPI-100Z) SrJEwr:^ 
K DNAgrHJlfc • ftSLto 
[0 0 7 9] RNase «L3S(2l J; ^RNA^^bfc^, 20% 
TKy^^WV^y 3— /V-/2.5M NaCligft^/hi^fc^* 
§rK*t, ^/ — /wttJ8Sr^TV\ DNAiX— ^ V^fflO 
StWibfco i!1t> 7 /ilSrl.5 %T^fn— ^^/H-<t 
9»ffU W»»*i««35SB«)6>ttfc»^, 5 Ml^rlt 

[0 0 8 0] (iii) «a6E30J<Z>*ffi 
B 1$ £ £ DNA #r>}- ^pGEM-T^< ^ — (Promega ttK) 

h (Kurabo ttK PI-100S) SrfflV^fcT/^ y &(C J; *9 
Wf«L*io #e>^fc»*^9^5 KSr RNase"?ft3HLfc 

#y ^f^y^y /w/^iftTKoSJft-cffliabT 

DNA SrflliSSbfco 
[0 0 8 1] »»3*LfcDNA SrttfflDNA t LT, ^Slt 

^9^r^-, 4ig«ia^^wK-5'-hy7 

PCR^rtTo/Co 

[0 0 8 2] Sl£»^«ttKT<OiS 9 T$>5o 

Thermal Ready Reaction Mix 8 /z 1 

£#MDNA 2.0 m1 

^9^T^— 2pmol/// 1 

dH 2 0 8.5 m1 

[0 0 8 3] PCR fi, 96t:T*10# (Stt) , 55^^ 5 # 

«8fpafcte»3tft*©AofcDNA »>t-«s^J«*^ ^HSr 

[0 0 8 4] #e>^fccDNA^n — TlE^^^^-v 
— ^ffiV^T, Applied Biosystem ttKoeftDNAV— 
^mi/lJ— (model ABI 373) J: «9frofc: 0 

Mi3FiM 

M13R1IIJ SE^J#^5 
SP6 ill IE?IJ#^6 
T7 llij lB?lJ#-^7 

iB?!l#-g-17-e*S^SL4 kbOcDNAW 

[0 0 8 5] ^CtC, RT-PCRffi(-J; OWfe^fc-v^^WRN 

i-^to^KcDNA^ffittaitClB'GSPl (IB5U##1 



(9) 
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0) &U J 5'GSP2 m^mmi) , *LTKcDNA«±WG 
SP1 (EW**13) &U*3'GSP2 (EyiJ##14) SrftMHL 

[0 0 8 6] (2) gfr^c DNAK^f- ffiJXI* 3* - 
{|iJ(-#ft-r^**Pia^lJO c DNAfr>i-cOlg*I 
^^^JfSm^t5^BiS*^)cDNA Ready™ (CLONETECH 
tt) SriEagtcLT* (i)5 , -RACE-13t^(ii) 5' -RACE-2. 
MW-(iii) 3' -RACE &ftofc 0 gJLT, #RACE(-o^T 



* [0 0 8 71 (i) 5* -RACE-1 jgfe<Dtf *I 
(i-a) 1st LD PCR 

■^9^ffim&VJPM«ft5feOcDNA Ready™ Sr^^W- b 
(at, APKSB^JS-^15) XtfS'GSPl (K#J##10) £ 

2) \z.X.Y) PCR RlKSr^Tofco 
[0 0 8 8] 
[151] 



tt JiK 



5 


Al 




gl^cDNA Ready tm 


1 




API (1 
5'GSPl 


lfel»S15) (IOjuM) 
(KpJSrS-10) (10 ^M) 


1 




43 






- ^ ? X 

36 >ul dH20 

5 /Ml lOXKlenTaq PCR buffer 

1 fil lOmM dNTP 

1 jul 50xKlenTaq DNA polymerase 



50 (i 1 (£fi) 



[0 0 8 9] 



[*21 



1. (94tX*2 

2. (94t:T*30= 

3. 4°CT?#r 



68*OC44» X30iM#;U 



[0 0 9 0] (i-b) 2nd LD PCR ^flofe <* 3X1*4) 0 
1st PCR ®»Sr lxTE(pH8.0)"C50ffif#3Rbfct)<O© 5m [0 0 9 1] 

lSr^^V— M-bT, nested^^— (AP2(1B5U [^3] 
#-S§-16) ftt* GSP2(MB?iJ#^ll) ) £rffiV^TPCR S/£3r^ 



tt jft 


5 
1 
1 
43 


Al 
Al 


1st PCRjg&J (50f8*fl) 
AP2 SgHH|16) (IOjuM) 

5'gsp2 WFm^n) (ioa*m) 


50 




S) 



[0 0 9 2] [*4l 



2. (94X^30$, 68^4^) X2QVJ2)l> 

3. 4°C7?f§® 



[0 0 9 3] 2nd PCR MMl 10/ilSr L2%T;tfu — 
/^«5(Mcft«, EtBr^febT, -^^^ WRN cDNA CDS' dtt 
«^-Cfc5«&1.8kbp<DW>t (EM#*18) (OittlBSrttR 

[0 0 9 4] (ii) 5' -RACE-2S«?OJtfi 
(ii-a) 1st LD PCR * 



*^^^WmxVJ»»ft*OcDNA Ready™Sr^V^W— h 
CLt, API (IB?!!«H§-15) &t*5'GSP2 (BB?a##ll) Sr 

6) (CJ;I9PCR R/SSrfrofco 
[0 0 9 5] 
[155] 



(10) 
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g5. PCRB» 

tt tit, 

5 /il V^XMfGcDNA Ready™ 

1 fil API (gBgpF-flS) (10 mN) 

1 m1 5'GSP2 (BfeiJS-^-11) (10 mM) 

43 fil GH#M»li:H 



50 m1 (£4) 

[0 0 9 6] [^6] 



1. (94t:-C2i*) Xl^^/I/ 

2. (94tre30#, 68 t C-C4i>) X3Q-$-19Jl> 

3. 4°CT?aia 



[0 0 9 7] (ii-b) 2nd LD PCR * files' -RACE-1 SWOEyilSrSKKW-b^riibfct 

1st PCR jg^£r, lxTE(pH8. 0) -C50ffiF#Wbft:fc<D(O 5 CO-?h& 0 
Ml^ry/WbClt, nested:/^ -f^—(AP2 (BE [0 0 9 8] 

&t^5'GSP3 (@B^iJ#^12) SrJBWCPCR Rjfc [* 7 ] 

Srflofc (*7 3fctf8) o fc*3, 5' GSP3 (SB^J##12) * 

^7, PCR/^ Sg 

ft A 



5 /il 1st PCRjffig? (50fg3&$0 



1 /il AP2 (I25!jiHtl6) (10 a* N) 

1 Ml 5'GSP3 (10 ^M) 

43 Ml (ffltffcfcSll^l*] 



50 Ml (£fi) 

[0099] m 8 ] 



1. (94^-^2^) XliMiW/ 

2. (94t:-e30g!, 681C-e44>) X20-9*-Y^;i/ 

3. 4°C"Cf£® 



[0 1 0 0] 2nd PCR Mm 10m IS: 1.2%7^P-xy ^5' -RACE [DHL ^ ^^»mXVWI»**©cDNA Ready™ 

EtBr^-feLT, ^**WRN cDNA<Z>5' «BSP Sr^V^WK^LT. API (iE?y#-i§-15) &t53'GSPl 

#T?fc*J|&L2khp<Dl»tf <B#I**19) <D*B«&ttKL GE#I##13) SrfflV^TPCR SJtS^ffofc (* 9 21151 

fc 0 0) 0 

[0101] (iii) 3'-RACES»<DJ#l|B [0102] 

(iii-a) 1st LD PCR [^9] 

i9. pcR/jas 



5 Ml V^Xfft^cDNA Ready™ 

Ul API mm%15) (10 mN) x 

1 Ml 3'GSP1 (S^iJ#^-13) (10 mM) 

43 Ml 7X^-5 y?7. GfiStt^lfcH 



50 Ml G&fi) 

[0 10 3] [*10l 



1. (94 , CT?24» XllMiVU 

2. (94 , c-e30#, estrr^o) x^q^^ju 

3. 4'CT^g 



[0 10 4] (iii-b) 2nd LD PCR 3WH6) XV3*GSP2(iByU#-g-14)) Sr^V^TPCRR^Sr 

1st PCR jgttSr, lx TE(pH8.0)^50fg%5^L^<D<£> 5 tro;fc 0 

MlS:fyyi/-MaT, nested:^? >f^— (AP2(gE 50 [0 10 5] fc*5. LT3'GSP2&« 5 BW- 
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tt, m3RZf4{Z.mM<D3kWtmm~?foZ> 0 2nd PCR M 
m 15// IS: 1.2%T^a— ^^/w«5t»»^^ttfc«, 
EtBrJfefebfcj|S»x #ai.3kbp<Z>^»>^WRN cDNA 3' -#Sgfl 

[0 10 6] (3) -^^^WRN O^gcDNA 
SITE (2) teJ:0#feJxfc3aBH<O»f>i- (5'-RACE-l S 
5*-RACE-2 MfoRTfS'- RACES*) SrpGEM-T^ * 

- (Promega *±» (C^^^ n-^>^L. =g-|$fr>tcDl3 

N A»f^ t fflfE 3 ®^^»t>t- t Sr«^ 4 Ctia 
^WRN cDNA£r#<5^£^-T*##: 0 

[0107] isyiis-g-i-mRSixsjttaK^wsa 

^2tc, «T5 y»iBy!lS:3— Ki-SDNA^JSffigayO 

[0108] [HJfiffil 2 ] BAC DNA<Dfflf»LftOTISH 
fc&KOiB^BAC DNA IS. Jfrffc-fc v- * A (CsCl)4B*4gK3g 

[ 0 1 0 9 ] (1) BAC ^ v — XDigmtlk 
BAC — lsfrt><D DNA<Z>EIiDZ • WlSStt. Smoller 

[Chromosoma, 100, 487-494(1991) ) <fco-t$ft^£;ft, 
fc*ffiK*JESr*P*.T»ofc 0 -t-fctofc. Hi— BAC^r 

- ^ n - v Sr&t* *BMB = * «r**»«12. 5yg/ 

[0 110] (2) CsCl*S<feJgBS'L>ffi(Ci;4BAC DNA <D 
MS 

BAC DNAtt. _L1E(1) dffi^cLfc^&tCtOWfeixfc* 
fto&*£>, iHtcOTA^ y-SDSfe (Birnboim and Doly, N 
ucleic Acids Res. 7, 1513-1523 (1979)] \C£VmM 
U CsCl*«^HB»*jSKJ:9««Lfco 
[0 111] ?&Src«ifr5)« (3,500rpmXl5$» Mi DEI 
iRL/clS^(-, 50ml(D50mM Sucrose-lOmM EDTA-25mM Tr 
is-HCl(pH 8. 0) t . 50 mg/ml<D V Aj&fKSrl. 5 ml 

100ml CD 0.2M NaOH-l%SDS««ES:JP*., fl^vWC 
7jC±"e5^^^^<— hbfco £ 75ml <D3M KAc 

-lL5%7X^§r*Px., fl^fC/KJitS^-f >* A s< 

[0 112] ?&5SP»'L^«t(4,000 rpmxl5^) ^±5 Ji 

e i&ffcSrJP;!, 37t:t lf$fH^:/3r^-<— IUft<Z> 
2-^a^/— ^SrJpA. -20^-^1 B#ra#cSLtfi 0 ?££Pii 
(6,000rpmXl5^) ft, *f # l/T—xs b ls\z. J: 9 
_h»«r(§**U Pl/PAC DNA^^tptt^^70%EtOH-C}5fe^ 
^^»&£i^/c 0 6ml<D lOraM Tris-HCl-lmM EDT 
A (pH S.O)^mx.Xttm^mm^^:. *ri^6g OCsCl 
Sr*P*.T+^{c*«p$^r, Sb(^10ng/ml 
^ K 4:100 m1 iP*., -20 T^20#ifcffibfco 



20 



iL^«(6,O00rpmXlO5» ^_bfff 4rtHiR 22^-C 100, 
OOOrpm X 6l*M«±©iBiftifi3*'tJCj: 9. BAC DNA 
s<9*r])Tt?; J*kftM\s*Lo UVflWFt BAC DNA£-£ 

:/pSKStK*£\ 2SoSW(-<fc*9CsCl£:l&£. 
BAC DNAS:tt«Lfco S«v* y T — t LTlOmM Tris- 
HCl-1.25mM EDTA (pH 8. 0) SrJflV^fco ~<DBAC DNA SrFI 

[0113] (3) FISH 
10 ^!>^ES*BJteSrPHA^#J»LTttJ!ia»S!Sr{Eifib, 

SSC [StandardSaline Citrate; 0. 15M NaCl, 0. 015M S 
odium Citrate (pH 7. 0)]j£<fc 9 ^ttSiirfco jjcfcl, & 
rfdr >T?a»bfc^^^WRN at^^tf BAC D 
NA (BAC-#11315 DNA) ^n — ^S:S/£S^:T«*t^N>f 
/y^X^Co tit, FITC- ««Lfc6fci^*v' 

20 [0 114] -t^JIS*, H 3 <t 5 FITCcDv-^ 

M^o — ^(Offi«(DfiKitt»fcflpe£Ufc 0 tot, 

X WRN»eT-S:-&tfBAC-#11315 DNAtt, ^8^^^:, 8A 

[0 115] C^^tl3] ^^^WRN Stfe^OlMf^^ 

30 [0 1 1 6] (1) ^!?^Jff||»XVl: hMSSJ^yA 
DNA 

SOffiW* (BamHI, Bglll, EcoRI, HindllIXt* PstDt 
^kbfc^»>^fff»a^t bJS&^**^^y A DNA 10 
ti g4r. 0. 8%T#n J: *9 b 

/to ^A-£r 0. 5N Na0H-1.5M NaC1^^150ml (CSL X 30 

ty*-CS<ffil\ 0.5M Tris-HCKpH 7.5),L5M NaCl 
150ml(C»U 30^K^)o< 9i:K»L % ^?PS^ 

40 [0 117] ^>^l^#$«o/c^ huir 

/vvj — ^m (AmershamttK) Sr^^Tkt-tM ?>^:fc^, 
2 XSSC(0. 3M NaCl, 0. 03M # =cis$fcr V V ^ (pH 7. 
0)) tdaifco hWfc20x SSC SfK§r 200ml Att, ^ 
^^^81, JkV^-ea^^arSOJtJtt (Whatmann 3 
MM)S:2XSSC Cilfcl, ^ ^Vv ? cO±(C«^rfc 0 
[0 118] r<D^_h^tfflEOj: 5(-^3®bf- 

50 [0 119] h7^7r^m *^i»JRJW («S 
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260 nm, 120 mj/cm 2 ) K£ 9 >f J i^DNA Sr— h nirA-u 

S^— h7^^7^>f— (cj; t)«|fflL,fc (04) o 
[0 12 0] fc*5, ^^^WRN ^w^^y^f-v 
3^^77 ta Wt 5XSSPE, lOXDenhardt' sW$L, 
2% SDS^^lOO/zg/ml^ttf-^Jft^DNA BWtSr^irfc 

[0121] ^S^EMt^-To IU4A tt, hJS&ffi 
(v->-l-5) Xt^^JffFJ* (w->6~10) 

HSr. [ 32 P] fifSSO^feikfi^ r> ^ WRN cDNASr^n— ^(^ 

[0 1 2 2] EI4A^ > > 1X1^6 ttBamHI . Is— 
>'2XW7ttBglII . ^3^:15 8 ttEcoRI, ^ 
4^9^HindIII . V~ ^S&mOttPstlt^ffi-fbbfc 

»f>t^t^>-cfc^o ni4A ©jfes^k. ^^^.wrn ate 

[0123] (2) Zoo Blot 

(ClontechtttSt) SM&fflbfc (H4B) 0 -e^^W 

>f-tf>f ClontechO^a h^— /V 
«£o*io HI4BJ;9, ^^^WRN Sfcfi^tt. WSriB*. 

[0 12 4] **3, ?J ADNA<DS*»£JlT^ai?)-C& 
§o a, t h; b, fvv; c, 9 5> h ; d, e,>fp<; f, 

g. h, ^!7hy; i,g|# 0 

[0 12 5] [H1KW4] -^^^WRN ©y-f^D^ 

(1) ^;*WRN (OS—Vz/^xiy hffiffi 

(i) ^C^^JffijBl/— lP> (Multiple Tissue Norther 

n ; MTN) :/n ^ h 

8TO<O^^^(D|M»-M»SJ:0jfttabfc poly (A) + RN 

yMfc/y^>f K7^;^- (ClontechttSi) SrflM 
bfc (H5) o 

[0 12 6] (ii) -^xWRN cDNA ^a — -f 
-e^WRN cDNAcD3'-UT SB5> (278 bp) Sr«iEO*ffi{^ 

o — ^4: bTffll^ 0 

[0 12 7] (2) M^!)^>ff— >aV 

(i) ^w^^y^*-i/ 3 y 

^^y^ — Sr^SffiSl^y^S^^-e. 100 ml<Z>^WN 



22 



10 



20 



30 



40 



^y77H:tt, 50%*;^7 5K, 5 XSSPE, lOxDe 
nhardt'sS*. 2% SDSXVlOO/x g/m Sttl^W^-DNA 

[0 12 8] (ii) WRN cDNA :7"n — ^OSfct^tt 

7^ V^l— - h t Lrfff^O^^^WRN cDNAt^SO ng , 
T^-Y^— t U7 V^A^^rif^-50 pmol«rJHV\ 
y^^^^-DNA^y hVer.2(SJBig 
*fc» (CJ; t9 [a- 32 P]-dCTP (NENttSL SS-fb*SISi&tt 

[0 12 9] (iii) ^-f :/y >/-fif— isals 
7 , VM7*y^f->'3>'/^y7r-&*T, Srfcfcl 
50ml<D:/WM>:/y ^ if— v-3 ^^^x — SrSn*., 
^7^/^-<DTia?) r*&v^J: 5^a^d^cS 
mvtco ^ftiZ. [ 32 P]-dCTP ^jRlttt^/wbrtir/n — 
:/&JfcfiH4flS#5j 1 X 10 6 cpm/ml £ ft S <fc 5 KSP*., 42<C 

x*i60#ra^^r ^ y xif: 0 

[0 13 0] /^7*y^if— >3^t, :7>f/W — 
fclttU 100 ml<D2XSSC. 0.1 %SDSjg^£;!§V^T^& 
-C15^^>y >^5r 2HlM!9iSb. ScMlOO mlcD0.2XSS 
C, 0.1 % SDSSfSS:fflV^^ia-ei54>©y >^Sr2IsI 

Bfct, V^^y? OiiWtt) t-fi:$A/T* BAS1500 
vO^-A (mzfc^^/PAtrJK) {C&Z*— h7^^7 

[0 13 1] (3) Fuji BAS1500i/*7^^<fc£ft?#f 

ir^-y— (-f^-^V^^W— h ; IP) (c. Xi»^^/W 
-Maatd^^^/VSTtt^B^S-li:. roDIP^He-Ne V— 

L (Photo Stimulated Luminescence) iV^T^^^S 
{^aEtftbr^SLfco «*ttBAS1500 ->^7"i^$:fflV^ 

[0 13 2] (4) ^^^WRN mRNA<OJ|flltt»S»«^* 
• m^**0 2mg poly(A)+RNASr^tf MTN 
^n^y h (CLONTECHttM) M[ S2 P] «l»bfc-v^^WRN c 
DNA03'-UT Sr7'p-7*IW7*9 ^XSiirfco 

[0 13 3] -^^^WRN mRNA<D»Stt. #@<Oflj^-Ci|iI 
je<w*e>^ asoiS^^Stfco -Tft^> 

b, jffm Wfli^c43v^T4 ^ @s^c5l^b, m. 

S^-fr^jiStc^Tfifil^b^^bTv^ftv^r k&t>fr 

o/c 0 Poly (A)+ RNA<Z>eaSttJKTOji9-C*>S 0 
a,'l?mi b,JH; c,J9$K; d,JW; e.J9THI; f,#*«5; g, » 



[0 13 4] 

mm<o^m ^m^^^o, ^^^wrn ae^ds«« 



(13) 
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23 

[0 13 5] $f>{^» *^gg<D-r^XWRN leftt, 



24 



E3aj»#: 1 

IE?!l<E>ft$ = 5 0 5 8 

mow : 

lE?U©fKS : cDNA to mRNA 



[0 13 6] 

EJIJ : 



10 



ftfc(Offlf a : mouse WRN helicase 



GGCAGGCGCC AGACCAGAAG TGCACCGAGG CGCCCGTTGG TATAAAGTTA GTAAATGTGA 
GGCCTGTCTC GATGCCTGGG TCCTGGGCTT TGGTTCTCAG TCCTCCATAA ATCATCCTGC 
TGGAGGAGAA GACCCTTAGA TCTGGCTCTT CTCAGGGGCA TTTTAAAGAC AAATGAAAAT 
AAA ATG GAA ACC ACT TCA CTA CAG CGG AAA TTT CCA GAA TGG ATG TCT 
Met Glu Thr Thr Ser Leu Gin Arg Lys Phe Pro Glu Trp Met Ser 
15 10 15 

ATG CAG AGT CAA AGA TGT GCT ACA GAA GAA AAG GCC TGC GTT CAG AAG 
Met Gin Ser Gin Arg Cys Ala Thr Glu Glu Lys Ala Cys Val Gin Lys 

20 25 30 

AGT GTT CTT GAA GAT AAT CTC CCA TTC TTA GAA TTC CCT GGA TCC ATT 
Ser Val Leu Glu Asp Asn Leu Pro Phe Leu Glu Phe Pro Gly Ser He 

35 40 45 

GTT TAC AGT TAT GAA GCT AGT GAT TGC TCC TTC CTG TCT GAA GAC ATT 
Val Tyr Ser Tyr Glu Ala Ser Asp Cys Ser Phe Leu Ser Glu Asp He 

50 55 60 

AGC ATG CGT CTG TCT GAT GGC GAT GTG GTG GGA TTT GAC ATG GAA TGG 
Ser Met Arg Leu Ser Asp Gly Asp Val Val Gly Phe Asp Met Glu Trp 

65 70 75 

CCG CCC ATA TAC AAG CCA GGG AAA CGA AGC AGA GTC GCA GTG ATC CAG 
Pro Pro He Tyr Lys Pro Gly Lys Arg Ser Arg Val Ala Val He Gin 
80 85 90 95 

TTG TGT GTG TCT GAG AAC AAA TGT TAC TTG TTT CAC ATT TCT TCC ATG 
Leu Cys Val Ser Glu Asn Lys Cys Tyr Leu Phe His He Ser Ser Met 

100 105 110 

TCA GTT TTC CCC CAG GGA TTA AAA ATG TTA CTA GAA AAC AAA TCA ATT 
Ser Val Phe Pro Gin Gly Leu Lys Met Leu Leu Glu Asn Lys Ser He 

115 120 125 

AAG AAG GCA GGG GTT GGG ATT GAA GGG GAC CAG TGG AAA CTT CTG CGT 
Lys Lys Ala Gly Val Gly He Glu Gly Asp Gin Trp Lys Leu Leu Arg 

130 135 140 

GAT TTT GAC GTC AAG TTG GAG AGT TTT GTG GAG CTG ACG GAT GTT GCC 
Asp Phe Asp Val Lys Leu Glu Ser Phe Val Glu Leu Thr Asp Val Ala 

145 150 155 

AAT GAA AAG TTG AAG TGC GCA GAG ACC TGG AGC CTC AAT GGT CTG GTT 
Asn Glu Lys Leu Lys Cys Ala Glu Thr Trp Ser Leu Asn Gly Leu Val 
160 165 170 175 

AAA CAC GTC TTA GGG AAA CAA CTT TTG AAA GAC AAG TCC ATC CGC TGC 
Lys His Val Leu Gly Lys Gin Leu L&0 Lys Asp Lys Ser He Arg Cys 



60 
120 
180 
228 



276 



324 



372 



420 



468 



516 



564 



612 



660 



708 



756 



25 



180 



AGC AAT TGG AGT AAT TTC CCC CTC 
Ser Asn Trp Ser Asn Phe Pro Leu 
195 

GCC ACT GAT GCC TAT GCT GGT CTT 
Ala Thr Asp Ala Tyr Ala Gly Leu 
210 215 
TTG GGT GAT ACT GTG CAA GTG TTT 
Leu Gly Asp Thr Val Gin Val Phe 

225 230 
CTA CCT CTG GAG ATG AAG AAA CAG 
Leu Pro Leu Glu Met Lys Lys Gin 
240 245 
AGG GAT CTA GCC AAT CGT TTT CCA 
Arg Asp Leu Ala Asn Arg Phe Pro 
260 

CTC CAG AGG GTT CCT GTA ATA TTG 
Leu Gin Arg Val Pro Val He Leu 
275 

TCA TTG AGA AAA GTG ATC TGT GGT 
Ser Leu Arg Lys Val He Cys Gly 
290 295 
AAG CCG GGC AGT AGT TTT AAT TTA 
Lys Pro Gly Ser Ser Phe Asn Leu 

305 310 
GCT GGA GAA AAA GAG AAA CAG ATT 
Ala Gly Glu Lys Glu Lys Gin He 
320 325 
ATT AAA GAA GAA CCA TGG GAC CCA 
lie Lys Glu Glu Pro Trp Asp Pro 
340 

GAG GAG GTT GAT GTA TTT AGA AAT 
Glu Glu Val Asp Val Phe Arg Asn 
355 

TCT GAA AAT GAA ATA GAA GAT AAT 
Ser Glu Asn Glu He Glu Asp Asn 
370 375 
ACT TGT GTG ATT CCT AGT ATT TCA 
Thr Cys Val He Pro Ser He Ser 

385 390 
CAG CAA GCT AAA GAA GAA AAA TAT 
Gin Gin Ala Lys Glu Glu Lys Tyr 
400 405 
GAG CAT TTA TCT CCC AAT GAT GAT 
Glu His Leu Ser Pro Asn Asp Asp 
420 

GAA AGT GAT GAA GAT TTG GAA ATG 
Glu Ser Asp Glu Asp Leu Glu Met 
435 

CTA AAT AGT GAC ATG GTG GAA CCC 



(14) 

185 
ACT GAG 
Thr Glu 
200 

ATC ATC 
He He 

GCT CTA 
Ala Leu 

TTG AAT 
Leu Asn 

GTC ACT 
Val Thr 
265 
AAG AGT 
Lys Ser 
280 

CCT ACA 

Pro Thr 

CTG TCA 
Leu Ser 

GGA AAA 
Gly Lys 

GAA CTT 
Glu Leu 
345 
CAA GTG 
Gin Val 
360 

CTG TTG 
Leu Leu 

GAA AAT 
Glu Asn 

AAT GAT 

Asn Asp 



t 



GAC CAG 
Asp Gin 

TAT CAA 

Tyr Gin 

AAT AAA 
Asn Lys 
235 
TTA ATC 
Leu He 
250 

TGC AGA 
Cys Arg 

ATT TCA 
He Ser 

AAC ACT 
Asn Thr 

TCA GAA 
Ser Glu 

315 
CAT AGT 
His Ser 
330 

GAC AGT 
Asp Ser 

AAG CAA 

Lys Gin 

AGA GAA 
Arg Glu 

GAA CTC 
Glu Leu 
395 
GTT TCT 
Val Ser 
410 

GAC TCC 
Asp Ser 
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190 

AAA CTG TAT GCA 
Lys Leu Tyr Ala 
205 

AAA TTA GGA AAT 
Lys Leu Gly Asn 
220 

GCA GAG GAA AAC 
Ala Glu Glu Asn 



TCC GAA 
Ser Glu 

AAT TTG 
Asn Leu 

GAA AAT 
Glu Asn 
285 
GAG ACT 
Glu Thr 
300 

GAT TCA 
Asp Ser 

ACT TTT 
Thr Phe 

TTA GTG 
Leu Val 

GAA AAA 
Glu Lys 
365 
GAT ATG 
Asp Met 
380 

CAA GAT 
Gin Asp 



GAA ATG 
Glu Met 
255 
GAA ACT 
Glu Thr 
270 

CTC TGT 
Leu Cys 



GCT GCT 
Ala Ala 

GCT AAA 
Ala Lys 
335 
AAG CAA 
Lys Gin 
350 

GGT GAA 
Gly Glu 



GAG AAT 
Glu Asn 
425 
GAG ATG 
Glu Met 
440 

A(5D CAC TCT AAA 
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804 



852 



900 



948 



996 



1044 



AGA CTG 1092 
Arg Leu 



1140 



1188 



1236 



1284 



GAA AGA 1332 
Glu Arg 

TTG GAA 1380 
Leu Glu 



CTG AAG 
Leu Lys 



CAC CAA CTT TCT 1428 
His Gin Leu Ser 
415 

TCC TAT ATA ATT 1476 
Ser Tyr He He 
430 

TCT TTA GAA AAC 1524 
Ser Leu Glu Asn 
445 

TGG TTG GAA ATG 1572 



27 

Leu Asn Ser Asp Met Val Glu 
450 

AAT GGG 
Asn Gly 



GGA ACC 
Gly Thr 
465 
GAA GCC 
Glu Ala 
480 

CCC AAC 
Pro Asn 

AGT TTT 
Ser Phe 

AGA AGA 
Arg Arg 

TGC TTC 
Cys Phe 
545 
TCA CCT 
Ser Pro 
560 

TCC AAT 
Ser Asn 

CTA GGA 
Leu Gly 

GAG TTC 
Glu Phe 

ATT GGC 
He Gly 
625 
TGG GGC 
Trp Gly 
640 

ACA GCG 
Thr Ala 



ATC AAA 
He Lys 

GCA AAG 
Ala Lys 

AAA CCG 
Lys Pro 
515 
GAT AAT 
Asp Asn 
530 

CAG TAT 
Gin Tyr 

CTC ATT 
Leu He 

GTT CCA 
Val Pro 

GAT GTT 
Asp Val 
595 
TGT TCT 
Cys Ser 
610 

ATC ACT 
He Thr 

CAT GAT 
His Asp 

CTC CCA 
Leu Pro 



TCT TCC 
Ser Ser 

CAG ATC 
Gin He 

GGA CGG 
Gly Arg 
705 



ATC CGG 
He Arg 
675 
ACC TGC 
Thr Cys 
690 

AAA ACA 
Lys Thr 



TGT CTT CCT 
Cys Leu Pro 
470 

GAG GAG CAG 
Glu Glu Gin 

485 
CAA ATT AAT 
Gin lie Asn 
500 

GTT CAG TGG 
Val Gin Trp 

GTT GTT GTC 
Val Val Val 

CCG CCT GTT 
Pro Pro Val 
550 

TCC TTA ATG 
Ser Leu Met 

565 
GCC TGT TTA 
Ala Cys Leu 
580 

AAA TTA GGC 
Lys Leu Gly 

GGT AAC TTG 
Gly Asn Leu 

CTC ATT GCT 
Leu He Ala 
630 

TTC AGA AGT 
Phe Arg Ser 

645 
TTG GTT CCA 
Leu Val Pro 
660 

GAA GAC ATT 

Glu Asp He 

ACT GGA TTT 
Thr Gly Phe 

GGG AAC ATC 
Gly Asn He 
710 



(15) 

Pro Thr His Ser 
455 

CCT GAG GAG GAA 
Pro Glu Glu Glu 



t 
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GAA GAA 
Glu Glu 

TGC CTC 
Cys Leu 

AAA GTC 
Lys Val 
520 
ATG GCA 
Met Ala 
535 

TAT ACA 
Tyr Thr 

GAA GAC 
Glu Asp 

CTT GGA 
Leu Gly 

AAA TAT 
Lys Tyr 
600 
GAT CTA 
Asp Leu 
615 

GTG GAT 
Val Asp 

TCA TTC 
Ser Phe 

GTC ATT 
Val He 

ATA AGC 
He Ser 
680 
GAT CGG 
Asp Arg 
695 

CTT CAG 
Leu Gin 
50 



GAG GAC 
Glu Asp 
490 
AAG ACC 
Lys Thr 
505 

ATC CAT 
He His 

ACT GGA 
Thr Gly 

GGC AAG 
Gly Lys 

CAA GTC 
Gin Val 
570 
TCT GCA 
Ser Ala 
585 

AGG GTC 
Arg Val 

CTC CAG 
Leu Gin 

GAG GCT 
Glu Ala 

AGG ATG 
Arg Met 
650 
GCA CTC 
Ala Leu 
665 

TGC TTA 
Cys Leu 

CCA AAT 
Pro Asn 

GAT CTA 
Asp Leu 



Lys Trp Leu 

460 
GAT GGA CAC 
Asp Gly His 
475 

CAT TTA TTG 
His Leu Leu 

TAT TTC GGA 
Tyr Phe Gly 

TCT GTA TTA 
Ser Val Leu 
525 

TAT GGG AAG 
Tyr Gly Lys 

540 
ATT GGC ATT 
He Gly He 
555 

CTC CAG CTT 
Leu Gin Leu 

CAA TCA AAA 
Gin Ser Lys 

ATC TAC ATA 
He Tyr He 
605 

AAA CTT GAC 
Lys Leu Asp 

620 
CAC TGC ATT 
His Cys He 
635 

CTG GGC TCT 
Leu Gly Ser 

TCC GCT ACT 
Ser Ala Thr 

AAC CTG AAA 
Asn Leu Lys 
685 

CTG TAC TTA 
Leu Tyr Leu 

700 
AAG CCG TTT 
Lys Pro Phe 
715 
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Glu Met 

GGA AAT 
Gly Asn 

CCG GAA 
Pro Glu 
495 
CAC AGC 
His Ser 
510 

GAA GAG 
Glu Glu 

AGT CTG 
Ser Leu 

GTC ATT 
Val He 

GAG CTA 
Glu Leu 
575 
AAT ATT 
Asn He 
590 

ACT CCA 
Thr Pro 

TCT AGT 

Ser Ser 

TCA GAG 
Ser Glu 

CTT AAA 
Leu Lys 
655 
GCA AGC 
Ala Ser 
670 

GAC CCT 
Asp Pro 

GAA GTT 
Glu Val 

CTC GTC 
Leu Val 



1620 



1668 



1716 



1764 



1812 



1860 



1908 



1956 



2004 



2052 



2100 



2148 



2196 



2244 



2292 



2340 
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CGA AAG 
Arg Lys 
720 

TGT CCT 
Cys Pro 

CTG AAC 
Leu Asn 

AGG AAG 
Arg Lys 

770 
GTA GCT 
Val Ala 

785 
CAA GTT 
Gin Val 
800 

GAA ATT 
Glu He 

CTC TGG 
Leu Trp 

ATT CAC 
lie His 

ATG GAA 
Met Glu 
865 
TCC CAT 
Ser His 
880 

GGA ACT 
Gly Thr 

CTT ACT 
Leu Thr 

GCA TTC 
Ala Phe 

ATT GGG 
He Gly 
945 
CCT GAT 
Pro Asp 
960 

GCA GAA 
Ala Glu 
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GCA AGT 
Ala Ser 

TCG AGA 
Ser Arg 

TTA GCC 
Leu Ala 
755 
GAC GTT 
Asp Val 

ACT GTA 
Thr Val 

ATT CAT 
He His 

GGT AGA 
Gly Arg 

GCT CCA 
Ala Pro 
835 
GAT GAA 
Asp Glu 
850 

AAA TAC 
Lys Tyr 

TTT GAG 
Phe Glu 

GAA AAA 
Glu Lys 

GCT AAC 
Ala Asn 
915 
CAG CTA 
Gin Leu 
930 

ATT CCG 
He Pro 

AAA TAT 
Lys Tyr 

AGT TGG 
Ser Trp 



t 

30 
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TCT GCC 
Ser Ala 
725 
AAA ATG 
Lys Met 
740 

TGC AGA 

Cys Arg 

CAT CAT 
His His 

GCT TTT 
Ala Phe 

TAT GGT 
Tyr Gly 
805 
GCT GGC 
Ala Gly 
820 

GCA GAC 
Ala Asp 

AAG TTC 
Lys Phe 

CTT CAC 
Leu His 

GAC AAA 
Asp Lys 
885 
TGC TGT 
Cys Cys 
900 

AAC TCA 
Asn Ser 

CTG TCT 
Leu Ser 

ATC TTA 
He Leu 

CGG GGT 
Arg Gly 
965 
TGG AAG 
Trp Lys 



TGG GAA TTT 
Trp Glu Phe 

ACA GAA CAA 
Thr Glu Gin 

ACA TAC CAC 
Thr Tyr His 
760 

AGG TTC CTG 
Arg Phe Leu 
775 

GGA ATG GGC 
Gly Met Gly 
790 

GCG CCT AAG 
Ala Pro Lys 

CGG GAT GGA 
Arg Asp Gly 

TTT AAC ACA 
Phe Asn Thr 
840 

CGG TTA TAT 
Arg Leu Tyr 

855 
TCC AGT CAG 
Ser Ser Gin 
870 

TGT CTG CAG 
Cys Leu Gin 

GAT AAT TGC 
Asp Asn Cys 

GAG GAC GCA 
Glu Asp Ala 
920 

GCT GTG GAC 
Ala Val Asp 

935 
TTT CTC CGA 
Phe Leu Arg 
950 

CAC AGG CTC 
His Arg Leu 

ACT CTT TCT 
Thr Leu 



GAA GGT CCA ACC 
Glu Gly Pro Thr 
730 

GTT ACT GCT GAA 
Val Thr Ala Glu 
745 

GCT GGC ATG AAA 
Ala Gly Met Lys 



AGA GAT 
Arg Asp 

ATT AAT 
He Asn 

GAA ATG 
Glu Met 
810 
CTT CAG 
Leu Gin 
825 

TCC AGG 
Ser Arg 

AAA TTA 

Lys Leu 

TGT AGG 
Cys Arg 

AAG GCC 
Lys Ala 
890 
AGG CCC 
Arg Pro 
905 

TCC CAA 
Ser Gin 

ATC CTG 

He Leu 

GGA TCT 
Gly Ser 

TTT GGT 
Phe Gly 
970 
CAC CAT 
His His 



GAA ATT 
Glu He 
780 

AAA GCT 
Lys Ala 
795 

GAA TCC 
Glu Ser 

AGT TCC 
Ser Ser 

AAT CTC 
Asn Leu 

AAG ATG 
Lys Met 
860 
CGA CGA 
Arg Arg 
875 

TCC TTG 
Ser Leu 

AGG CTG 
Arg Leu 

GAC TTT 
Asp Phe 

CAG GAG 
Gin Glu 
940 
AAT TCT 
Asn Ser 
955 

GCT GGA 
Ala Gly 

CTC ATA 
Leu He 



ATC ATC TAT 2388 
He He Tyr 
735 

CTT GGG AAA 2436 
Leu Gly Lys 
750 

ATT AGC GAA 2484 

He Ser Glu 

765 

CAG TGT GTT 2532 
Gin Cys Val 

GAC ATT CGC 2580 
Asp He Arg 

TAT TAC CAG 2628 
Tyr Tyr Gin 
815 

TGT CAC TTG 2676 
Cys His Leu 
830 

CTT ATT GAG 2724 

Leu He Glu 

845 

ATG GTA AAG 2772 
Met Val Lys 

ATC ATC TTG 2820 
He He Leu 



GAC ATT ATG 
Asp He Met 
895 

AAT CAT TGC 
Asn His Cys 

910 
GGG CCA CAA 
Gly Pro Gin 
925 

AAA TTT GGA 
Lys Phe Gly 



2868 



2916 



2964 



3012 



CAG CGT CTT 3060 
Gin Arg Leu 



AAG GAG CAA 
Lys Glu Gin 
975 

GCT GAA GGA 
Ala Glu Gly 



3108 



3156 
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31 32 
980 985 990 

TTC TTG GTA GAG GTT CCC AAG GAA AAC AAA TAT ATA AAG ACA TGT TCC 
Phe Leu Val Glu Val Pro Lys Glu Asn Lys Tyr He Lys Thr Cys Ser 

995 1000 1005 

CTC ACA AAA AAG GGT AGA AAG TGG CTT GGA GAA GCC AGT TTG CAG TCT 
Leu Thr Lys Lys Gly Arg Lys Trp Leu Gly Glu Ala Ser Leu Gin Ser 

1010 1015 1020 

CCT CCG AGC CTT CTC CTT CAA GCT AAT GAA GAG ATG TTT CCA AGG AAA 
Pro Pro Ser Leu Leu Leu Gin Ala Asn Glu Glu Met Phe Pro Arg Lys 

1025 1030 1035 

GTT CTG CTA CCA AGT TCT AAT CCT GTA TCT CCA GAA ACG ACG CAA CAT 
Val Leu Leu Pro Ser Ser Asn Pro Val Ser Pro Glu Thr Thr Gin His 
1040 1045 1050 1055 

TCC TCT AAT CAA AAC CCA GCT GGA TTA ACT ACC AAG CAG TCT AAT TTG 
Ser Ser Asn Gin Asn Pro Ala Gly Leu Thr Thr Lys Gin Ser Asn Leu 

1060 1065 1070 

GAG AGG ACG CAT TCT TAC AAA GTG CCT GAG AAA GTT TCT TCT GGG AGT 
Glu Arg Thr His Ser Tyr Lys Val Pro Glu Lys Val Ser Ser Gly Ser 

1075 1080 1085 

AAC ATT CCT AAA AAA AGT GCC GTG ATG CCG TCA CCA GGA ACA TCT TCC 
Asn He Pro Lys Lys Ser Ala Val Met Pro Ser Pro Gly Thr Ser Ser 

1090 1095 1100 

AGC CCC TTA GAA CCT GCC ATC TCA GCC CAA GAG CTG GAC GCT CGG ACT 
Ser Pro Leu Glu Pro Ala He Ser Ala Gin Glu Leu Asp Ala Arg Thr 

1105 1110 1115 

GGG CTA TAT GCC AGG TTG GTG GAA GCA AGG CAG AAA CAC GCT AAT AAG 
Gly Leu Tyr Ala Arg Leu Val Glu Ala Arg Gin Lys His Ala Asn Lys 
1120 1125 1130 1135 

ATG GAT GTA CCT CCA GCT ATT TTA GCA GCA AAC AAG GTT TTG CTG GAC 
Met Asp Val Pro Pro Ala He Leu Ala Ala Asn Lys Val Leu Leu Asp 

1140 1145 1150 

ATG GCT AAA ATG AGA CCG ACT ACT GTT GAA AAC ATG AAA CAG ATC GAC 
Met Ala Lys Met Arg Pro Thr Thr Val Glu Asn Met Lys Gin He Asp 

1155 1160 1165 

GGT GTC TCT GAA GGC AAA GCT GCT CTG TTG GCC CCT CTG GTG GGA GTC 
Gly Val Ser Glu Gly Lys Ala Ala Leu Leu Ala Pro Leu Val Gly Val 

1170 1175 1180 

ATC AAA CAT TTC TGT CAA GTA ACT AGT GTT CAG ACA GAC CTC CTT TCC 
He Lys His Phe Cys Gin Val Thr Ser Val Gin Thr Asp Leu Leu Ser 

1185 1190 1195 

AGT GCC AAA CCT CAC AAG GAA CAG GAG AAA AGT CAG GAG ATG GAA AAG 
Ser Ala Lys Pro His Lys Glu Gin Glu Lys Ser Gin Glu Met Glu Lys 
1200 1205 1210 1215 

AAA GAC TGC TCA CTC CCC CAG TCT GTG GCC GTC ACA TAC ACT TTA TTC 
Lys Asp Cys Ser Leu Pro Gin Ser Val Ala Val Thr Tyr Thr Leu Phe 

1220 1225 1230 

CAG GAA AAG AAA ATG CCC TTA CAC AGC ATA GCT GAG AAC AGG CTC CTG 
Gin Glu Lys Lys Met Pro Leu His Ser He Ala Glu Asn Arg Leu Leu 

1235 1240 1245 

CCT CTC ACA GCA GTC GGC ATG CAC TW GCC CAG GCG GTG AAA GCC GGC 



3204 



3252 



3300 



3348 



3396 



3444 



3492 



3540 



3588 



3636 



3684 



3732 



3780 



3828 



3876 



3924 



3972 
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33 34 
Pro Leu Thr Ala Val Gly Met His Leu Ala Gin Ala Val Lys Ala Gly 

1250 1255 1260 

TGC CCC CTG GAT ATG GAG CGA GCT GGC CTG ACC CCA GAG ACT TGG AAG 4020 
Cys Pro Leu Asp Met Glu Arg Ala Gly Leu Thr Pro Glu Thr Trp Lys 

1265 1270 1275 

ATT ATT ATG GAT GTC ATC CGA AAC CCT CCC ATC AAC TCA GAT ATG TAT 4068 
He He Met Asp Val He Arg Asn Pro Pro He Asn Ser Asp Met Tyr 
1280 1285 1290 1295 

AAA GTT AAA CTC ATC AGA ATG TTA GTT CCT GAA AAC ATC GAC ACG TAC 4116 
Lys Val Lys Leu He Arg Met Leu Val Pro Glu Asn He Asp Thr Tyr 

1300 1305 1310 

CTC ATC CAC ATG GCG ATT GAG ATT CTT CAG AGT GGT TCC GAC AGC AGA 4164 
Leu He His Met Ala He Glu He Leu Gin Ser Gly Ser Asp Ser Arg 

1315 1320 1325 

ACC CAG CCT CCT TGT GAT TCC AGC AGG AAG AGG CGT TTC CCC AGC TCT 4212 
Thr Gin Pro Pro Cys Asp Ser Ser Arg Lys Arg Arg Phe Pro Ser Ser 

1330 1335 1340 

GCA GAG AGT TGT GAG AGC TGT AAG GAG AGC AAA GAG GTG GTC ACC GAG 4260 
Ala Glu Ser Cys Glu Ser Cys Lys Glu Ser Lys Glu Val Val Thr Glu 

1345 1350 1355 

ACC AAG GCA TCA TCT TCA GAG TCA AAG AGA AAA TTA CCT GAG TGG TTT 4308 
Thr Lys Ala Ser Ser Ser Glu Ser Lys Arg Lys Leu Pro Glu Trp Phe 
1360 1365 1370 1375 

GCC AAA GGA AAT GTG CCC TCA GCT GAT ACC GGC AGC TCA TCA TCA ATG 4356 
Ala Lys Gly Asn Val Pro Ser Ala Asp Thr Gly Ser Ser Ser Ser Met 

1380 1385 1390 

GCC AAG ACC AAA AAG AAA GGT CTC TTT AGT TAA 4389 
Ala Lys Thr Lys Lys Lys Gly Leu Phe Ser 

1395 1400 
GATGACAACG ATGGAACAGT TTGTGTGTCC TACATCTTCA TTCCTATAAA GAATGAAAAG 4449 
AAATATTTTA ACCTCAAAAT TATTTAAAGT CCAAAGTGAA GCTCACCTAA ACGTCGAGCC 4509 
ATAGAGTCTT TAATTGCCCG TTGGCAGTTG AGCTACAGTA TCTGAACCTT CTGAGACCCG 4569 
GAGTGCAGCA TAGACTGTGA AGTCGGCTTC CTTTCCGATT GCCTTCCGAA CCGGTGCCAC 4629 
TGTCAGGTTG CAGTTTTTCT TTTTTTGCAG CAGTGTGTGT TGGAAATGGA GGCTGTGTCG 4689 
CTTTGACATA TAGAACAGAT CAATAGTTGC ATAGGGACAG ATATGAAGAT ACAGCCGGTC 4749 
TTTGCTTTCT TATGCAGATG CCTGTATGAC AGTATCAGTG CACCAGCCCA GCCAGGGAGA 4809 
ATCAGCTTCC ATTTAAAAAG GGAAAGCGGA CAAGGACTCC AGTTACAGAA ACAACTAAAT 4869 
TTTATGCATT TTCTGCAGTT TTTATTATTT CTCAATCAAA AGTGTTTTTT GTACTGAATA 4929 
GTAAATATAC TAAATTTTCA TTTTTTAAAT TGTTGTGAGT GCCTTCAATA TTTGAAGATG 4989 
CCAATTTTTA ATGTTTTTAT GTTTCACAAA GAATTAAAAA ACTGGAAAAA AAAAAAAAAA 5049 
AAAAAAAAA 5058 
[0137] IB^iJ#-^ : 2 * feU 

IH?IJCD5£ : 1 4 O 1 QcMZx : 

hstfni^- : BJMfc ftfe<Ofi|$ft : mouse WRN helicase 

■B3&J : 

Met Glu Thr Thr Ser Leu Gin Arg Lys Phe Pro Glu Trp Met Ser 
15 10 15 

Met Gin Ser Gin Arg Cys Ala Thr GEfi) Glu Lys Ala Cys Val Gin Lys 
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35 



36 



20 



25 



30 



Ser Val Leu Glu Asp Asn Leu Pro Phe Leu Glu Phe Pro Gly Ser He 

35 40 45 

Val Tyr Ser Tyr Glu Ala Ser Asp Cys Ser Phe Leu Ser Glu Asp He 

50 55 60 

Ser Met Arg Leu Ser Asp Gly Asp Val Val Gly Phe Asp Met Glu Trp 

65 70 75 

Pro Pro He Tyr Lys Pro Gly Lys Arg Ser Arg Val Ala Val He Gin 
80 85 90 95 

Leu Cys Val Ser Glu Asn Lys Cys Tyr Leu Phe His He Ser Ser Met 

100 105 110 

Ser Val Phe Pro Gin Gly Leu Lys Met Leu Leu Glu Asn Lys Ser He 

115 120 125 

Lys Lys Ala Gly Val Gly He Glu Gly Asp Gin Trp Lys Leu Leu Arg 

130 135 140 

Asp Phe Asp Val Lys Leu Glu Ser Phe Val Glu Leu Thr Asp Val Ala 

145 150 155 

Asn Glu Lys Leu Lys Cys Ala Glu Thr Trp Ser Leu Asn Gly Leu Val 
160 165 170 175 

Lys His Val Leu Gly Lys Gin Leu Leu Lys Asp Lys Ser He Arg Cys 

180 185 190 

Ser Asn Trp Ser Asn Phe Pro Leu Thr Glu Asp Gin Lys Leu Tyr Ala 

195 200 205 

Ala Thr Asp Ala Tyr Ala Gly Leu He He Tyr Gin Lys Leu Gly Asn 

210 215 220 

Leu Gly Asp Thr Val Gin Val Phe Ala Leu Asn Lys Ala Glu Glu Asn 

225 230 235 

Leu Pro Leu Glu Met Lys Lys Gin Leu Asn Leu He Ser Glu Glu Met 
240 245 250 255 

Arg Asp Leu Ala Asn Arg Phe Pro Val Thr Cys Arg Asn Leu Glu Thr 

260 265 270 

Leu Gin Arg Val Pro Val He Leu Lys Ser He Ser Glu Asn Leu Cys 

275 280 285 

Ser Leu Arg Lys Val He Cys Gly Pro Thr Asn Thr Glu Thr Arg Leu 

290 295 300 

Lys Pro Gly Ser Ser Phe Asn Leu Leu Ser Ser Glu Asp Ser Ala Ala 

305 310 315 

Ala Gly Glu Lys Glu Lys Gin He Gly Lys His Ser Thr Phe Ala Lys 
320 325 330 335 

He Lys Glu Glu Pro Trp Asp Pro Glu Leu Asp Ser Leu Val Lys Gin 

340 345 350 

Glu Glu Val Asp Val Phe Arg Asn Gin Val Lys Gin Glu Lys Gly Glu 

355 360 365 

Ser Glu Asn Glu He Glu Asp Asn Leu Leu Arg Glu Asp Met Glu Arg 

370 375 380 

Thr Cys Val He Pro Ser He Ser Glu Asn Glu Leu Gin Asp Leu Glu 

385 390 395 

Gin Gin Ala Lys Glu Glu Lys Tyr Asn Asp Val Ser His Gin Leu Ser 
400 405 410 415 

Glu His Leu Ser Pro Asn Asp Asp GEfi) Asn Asp Ser Ser Tyr He He 
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37 38 
420 425 430 

Glu Ser Asp Glu Asp Leu Glu Met Glu Met Leu Lys Ser Leu Glu Asn 

435 440 445 

Leu Asn m Ser Asp Met Val Glu Pro Thr His Ser Lys Trp Leu Glu Met 

450 455 460 

Gly Thr Asn Gly Cys Leu Pro Pro Glu Glu Glu Asp Gly His Gly Asn 

465 470 475 

Glu Ala He Lys Glu Glu Gin Glu Glu Glu Asp His Leu Leu Pro Glu 
480 485 490 495 

Pro Asn Ala Lys Gin He Asn Cys Leu Lys Thr Tyr Phe Gly His Ser 

500 505 510 

Ser Phe Lys Pro Val Gin Trp Lys Val He His Ser Val Leu Glu Glu 

515 520 525 

Arg Arg Asp Asn Val Val Val Met Ala Thr Gly Tyr Gly Lys Ser Leu 

530 535 540 

Cys Phe Gin Tyr Pro Pro Val Tyr Thr Gly Lys He Gly He Val He 

545 550 555 

Ser Pro Leu He Ser Leu Met Glu Asp Gin Val Leu Gin Leu Glu Leu 
560 565 570 575 

Ser Asn Val Pro Ala Cys Leu Leu Gly Ser Ala Gin Ser Lys Asn He 

580 585 590 

Leu Gly Asp Val Lys Leu Gly Lys Tyr Arg Val He Tyr He Thr Pro 

595 600 605 

Glu Phe Cys Ser Gly Asn Leu Asp Leu Leu Gin Lys Leu Asp Ser Ser 

610 615 620 

He Gly He Thr Leu He Ala Val Asp Glu Ala His Cys He Ser Glu 

625 630 635 

Trp Gly His Asp Phe Arg Ser Ser Phe Arg Met Leu Gly Ser Leu Lys 
640 645 650 655 

Thr Ala Leu Pro Leu Val Pro Val He Ala Leu Ser Ala Thr Ala Ser 

660 665 670 

Ser Ser He Arg Glu Asp He He Ser Cys Leu Asn Leu Lys Asp Pro 

675 680 685 

Gin He Thr Cys Thr Gly Phe Asp Arg Pro Asn Leu Tyr Leu Glu Val 

690 695 700 

Gly Arg Lys Thr Gly Asn He Leu Gin Asp Leu Lys Pro Phe Leu Val 

705 710 715 

Arg Lys Ala Ser Ser Ala Trp Glu Phe Glu Gly Pro Thr He He Tyr 
720 725 730 735 

Cys Pro Ser Arg Lys Met Thr Glu Gin Val Thr Ala Glu Leu Gly Lys 

740 745 750 

Leu Asn Leu Ala Cys Arg Thr Tyr His Ala Gly Met Lys He Ser Glu 

755 760 765 

Arg Lys Asp Val His His Arg Phe Leu Arg Asp Glu He Gin Cys Val 

770 775 780 

Val Ala Thr Val Ala Phe Gly Met Gly He Asn Lys Ala Asp He Arg 

785 790 795 

Gin Val He His Tyr Gly Ala Pro Lys Glu Met Glu Ser Tyr Tyr Gin 
800 805 810 815 

Glu He Gly Arg Ala Gly Arg Asp GBf) Leu Gin Ser Ser Cys His Leu 
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39 



40 



820 



825 



830 



Leu Trp Ala Pro Ala Asp Phe Asn Thr Ser Arg Asn Leu Leu lie Glu 

835 840 845 

lie His Asp Glu Lys Phe Arg Leu Tyr Lys Leu Lys Met Met Val Lys 

850 855 860 

Met Glu Lys Tyr Leu His Ser Ser Gin Cys Arg Arg Arg He He Leu 

865 870 875 

Ser His Phe Glu Asp Lys Cys Leu Gin Lys Ala Ser Leu Asp He Met 
880 885 890 895 

Gly Thr Glu Lys Cys Cys Asp Asn Cys Arg Pro Arg Leu Asn His Cys 

900 905 910 

Leu Thr Ala Asn Asn Ser Glu Asp Ala Ser Gin Asp Phe Gly Pro Gin 

915 920 925 

Ala Phe Gin Leu Leu Ser Ala Val Asp He Leu Gin Glu Lys Phe Gly 

930 935 940 

He Gly He Pro He Leu Phe Leu Arg Gly Ser Asn Ser Gin Arg Leu 

945 950 955 

Pro Asp Lys Tyr Arg Gly His Arg Leu Phe Gly Ala Gly Lys Glu Gin 
960 965 970 975 

Ala Glu Ser Trp Trp Lys Thr Leu Ser His His Leu He Ala Glu Gly 

980 985 990 

Phe Leu Val Glu Val Pro Lys Glu Asn Lys Tyr He Lys Thr Cys Ser 

995 1000 1005 

Leu Thr Lys Lys Gly Arg Lys Trp Leu Gly Glu Ala Ser Leu Gin Ser 

1010 1015 1020 

Pro Pro Ser Leu Leu Leu Gin Ala Asn Glu Glu Met Phe Pro Arg Lys 

1025 1030 1035 

Val Leu Leu Pro Ser Ser Asn Pro Val Ser Pro Glu Thr Thr Gin His 
1040 1045 1050 1055 

Ser Ser Asn Gin Asn Pro Ala Gly Leu Thr Thr Lys Gin Ser Asn Leu 

1060 1065 1070 

Glu Arg Thr His Ser Tyr Lys Val Pro Glu Lys Val Ser Ser Gly Ser 

1075 1080 1085 

Asn He Pro Lys Lys Ser Ala Val Met Pro Ser Pro Gly Thr Ser Ser 

1090 1095 1100 

Ser Pro Leu Glu Pro Ala He Ser Ala Gin Glu Leu Asp Ala Arg Thr 

1105 1110 1115 

Gly Leu Tyr Ala Arg Leu Val Glu Ala Arg Gin Lys His Ala Asn Lys 
1120 1125 1130 1135 

Met Asp Val Pro Pro Ala He Leu Ala Ala Asn Lys Val Leu Leu Asp 

1140 1145 1150 

Met Ala Lys Met Arg Pro Thr Thr Val Glu Asn Met Lys Gin He Asp 

1155 1160 1165 

Gly Val Ser Glu Gly Lys Ala Ala Leu Leu Ala Pro Leu Val Gly Val 

1170 1175 1180 

He Lys His Phe Cys Gin Val Thr Ser Val Gin Thr Asp Leu Leu Ser 

1185 1190 1195 

Ser Ala Lys Pro His Lys Glu Gin Glu Lys Ser Gin Glu Met Glu Lys 
1200 1205 1210 1215 

Lys Asp Cys Ser Leu Pro Gin Ser V£D Ala Val Thr Tyr Thr Leu Phe 
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41 42 
1220 1225 1230 

Gin Glu Lys Lys Met Pro Leu His Ser lie Ala Glu Asn Arg Leu Leu 

1235 1240 1245 

Pro Leu Thr Ala Val Gly Met His Leu Ala Gin Ala Val Lys Ala Gly 

1250 1255 1260 

Cys Pro Leu Asp Met Glu Arg Ala Gly Leu Thr Pro Glu Thr Trp Lys 

1265 1270 1275 

lie lie Met Asp Val lie Arg Asn Pro Pro lie Asn Ser Asp Met Tyr 
1280 1285 1290 1295 

Lys Val Lys Leu lie Arg Met Leu Val Pro Glu Asn lie Asp Thr Tyr 

1300 1305 1310 

Leu lie His Met Ala He Glu He Leu Gin Ser Gly Ser Asp Ser Arg 

1315 1320 1325 

Thr Gin Pro Pro Cys Asp Ser Ser Arg Lys Arg Arg Phe Pro Ser Ser 

1330 1335 1340 

Ala Glu Ser Cys Glu Ser Cys Lys Glu Ser Lys Glu Val Val Thr Glu 

1345 1350 1355 

Thr Lys Ala Ser Ser Ser Glu Ser Lys Arg Lys Leu Pro Glu Trp Phe 
1360 1365 1370 1375 

Ala Lys Gly Asn Val Pro Ser Ala Asp Thr Gly Ser Ser Ser Ser Met 

1380 , 1385 1390 

Ala Lys Thr Lys Lys Lys Gly Leu Phe Ser 
1395 1400 
[0138] K#|#-g- : 3 * mn<omm • cDNA to mRNA 

ga?lJ<Dfi£ : 4 2 O 6 fijS 

mw<om : mm .^v* 



h/tfni^- : * ft&<£>fif$ft : mouse WRN helicase 



CCAGAATGGA 


TGTCTATGCA 


GAGTCAAAGA 


60 


AAGAGTGTTC 


TTGAAGATAA 


TCTCCCATTC 


120 


TATGAAGCTA 


GTGATTGCTC 


CTTCCTGTCT 


180 


GATGTGGTGG 


GATTTGACAT 


GGAATGGCCG 


240 


GTCGCAGTGA 


TCCAGTTGTG 


TGTGTCTGAG 


300 


ATGTCAGTTT 


TCCCCCAGGG 


ATTAAAAATG 


360 


GGGGTTGGGA 


TTGAAGGGGA 


CCAGTGGAAA 


420 


AGTTTTGTGG 


AGCTGACGGA 


TGTTGCCAAT 


480 


CTCAATGGTC 


TGGTTAAACA 


CGTCTTAGGG 


540 


TGCAGCAATT 


GGAGTAATTT 


CCCCCTCACT 


600 


GCCTATGCTG 


GTCTTATCAT 


CTATCAAAAA 


660 


TTTGCTCTAA 


ATAAAGCAGA 


GGAAAACCTA 


720 


ATCTCCGAAG 


AAATGAGGGA 


TCTAGCCAAT 


780 


ACTCTCCAGA 


GGGTTCCTGT 


AATATTGAAG 


840 


AAAGTGATCT 


GTGGTCCTAC 


AAACACTGAG 


900 


TTACTGTCAT 


CAGAAGATTC 


AGCTGCTGCT 


960 


AGTACTTTTG 


CTAAAATTAA 


AGAAGAACCA 1020 


CAAGAGGAGG 


TTGATGTATT 


TAGAAATCAA 


1080 


GAAATAGAAG 


ATAATCTGTT 


GAGAGAAGAT 


1140 


TCAGAAAATG 


AACTCCAAGA 


TTTGGAACAG 


1200 


TEfTCACCAAC 


TTTCTGAGCA 


TTTATCTCCC 


1260 
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43 



44 



AATGATGATG AGAATGACTC CTCCTATATA ATTGAAAGTG ATGAAGATTT GGAAATGGAG 1320 
ATGCTGAAGT CTTTAGAAAA CCTAAATAGT GACATGGTGG AACCCACTCA CTCTAAATGG 1380 
TTGGAAATGG GAACCAATGG GTGTCTTCCT CCTGAGGAGG AAGATGGACA CGGAAATGAA 1440 
GCCATCAAAG AGGAGCAGGA AGAAGAGGAC CATTTATTGC CGGAACCCAA CGCAAAGCAA 1500 
ATTAATTGCC TCAAGACCTA TTTCGGACAC AGCAGTTTTA AACCGGTTCA GTGGAAAGTC 1560 
ATCCATTCTG TATTAGAAGA GAGAAGAGAT AATGTTGTTG TCATGGCAAC TGGATATGGG 1620 
AAGAGTCTGT GCTTCCAGTA TCCGCCTGTT TATACAGGCA AGATTGGCAT TGTCATTTCA 1680 
CCTCTCATTT CCTTAATGGA AGACCAAGTC CTCCAGCTTG AGCTATCCAA TGTTCCAGCC 1740 
TGTTTACTTG GATCTGCACA ATCAAAAAAT ATTCTAGGAG ATGTTAAATT AGGCAAATAT 1800 
AGGGTCATCT ACATAACTCC AGAGTTCTGT TCTGGTAACT TGGATCTACT CCAGAAACTT 1860 
GACTCTAGTA TTGGCATCAC TCTCATTGCT GTGGATGAGG CTCACTGCAT TTCAGAGTGG 1920 
GGCCATGATT TCAGAAGTTC ATTCAGGATG CTGGGCTCTC TTAAAACAGC GCTCCCATTG 1980 
GTTCCAGTCA TTGCACTCTC CGCTACTGCA AGCTCTTCCA TCCGGGAAGA CATTATAAGC 2040 
TGCTTAAACC TGAAAGACCC TCAGATCACC TGCACTGGAT TTGATCGGCC AAATCTGTAC 2100 
TTAGAAGTTG GACGGAAAAC AGGGAACATC CTTCAGGATC TAAAGCCGTT TCTCGTCCGA 2160 
AAGGCAAGTT CTGCCTGGGA ATTTGAAGGT CCAACCATCA TCTATTGTCC TTCGAGAAAA 2220 
ATGACAGAAC AAGTTACTGC TGAACTTGGG AAACTGAACT TAGCCTGCAG AACATACCAC 2280 
GCTGGCATGA AAATTAGCGA AAGGAAGGAC GTTCATCATA GGTTCCTGAG AGATGAAATT 2340 
CAGTGTGTTG TAGCTACTGT AGCTTTTGGA ATGGGCATTA ATAAAGCTGA CATTCGCCAA 2400 
GTTATTCATT ATGGTGCGCC TAAGGAAATG GAATCCTATT ACCAGGAAAT TGGTAGAGCT 2460 
GGCCGGGATG GACTTCAGAG TTCCTGTCAC TTGCTCTGGG CTCCAGCAGA CTTTAACACA 2520 
TCCAGGAATC TCCTTATTGA GATTCACGAT GAAAAGTTCC GGTTATATAA ATTAAAGATG 2580 
ATGGTAAAGA TGGAAAAATA CCTTCACTCC AGTCAGTGTA GGCGACGAAT CATCTTGTCC 2640 
CATTTTGAGG ACAAATGTCT GCAGAAGGCC TCCTTGGACA TTATGGGAAC TGAAAAATGC 2700 
TGTGATAATT GCAGGCCCAG GCTGAATCAT TGCCTTACTG CTAACAACTC AGAGGACGCA 2760 
TCCCAAGACT TTGGGCCACA AGCATTCCAG CTACTGTCTG CTGTGGACAT CCTGCAGGAG 2820 
AAATTTGGAA TTGGGATTCC GATCTTATTT CTCCGAGGAT CTAATTCTCA GCGTCTTCCT 2880 
GATAAATATC GGGGTCACAG GCTCTTTGGT GCTGGAAAGG AGCAAGCAGA AAGTTGGTGG 2940 
AAGACTCTTT CTCACCATCT CATAGCTGAA GGATTCTTGG TAGAGGTTCC CAAGGAAAAC 3000 
AAATATATAA AGACATGTTC CCTCACAAAA AAGGGTAGAA AGTGGCTTGG AGAAGCCAGT 3060 
TTGCAGTCTC CTCCGAGCCT TCTCCTTCAA GCTAATGAAG AGATGTTTCC AAGGAAAGTT 3120 
CTGCTACCAA GTTCTAATCC TGTATCTCCA GAAACGACGC AACATTCCTC TAATCAAAAC 3180 
CCAGCTGGAT TAACTACCAA GCAGTCTAAT TTGGAGAGGA CGCATTCTTA CAAAGTGCCT 3240 
GAGAAAGTTT CTTCTGGGAG TAACATTCCT AAAAAAAGTG CCGTGATGCC GTCACCAGGA 3300 
ACATCTTCCA GCCCCTTAGA ACCTGCCATC TCAGCCCAAG AGCTGGACGC TCGGACTGGG 3360 
CTATATGCCA GGTTGGTGGA AGCAAGGCAG AAACACGCTA ATAAGATGGA TGTACCTCCA 3420 
GCTATTTTAG CAGCAAACAA GGTTTTGCTG GACATGGCTA AAATGAGACC GACTACTGTT 3480 
GAAAACATGA AACAGATCGA CGGTGTCTCT GAAGGCAAAG CTGCTCTGTT GGCCCCTCTG 3540 
GTGGGAGTCA TCAAACATTT CTGTCAAGTA ACTAGTGTTC AGACAGACCT CCTTTCCAGT 3600 
GCCAAACCTC ACAAGGAACA GGAGAAAAGT CAGGAGATGG AAAAGAAAGA CTGCTCACTC 3660 
CCCCAGTCTG TGGCCGTCAC ATACACTTTA TTCCAGGAAA AGAAAATGCC CTTACACAGC 3720 
ATAGCTGAGA ACAGGCTCCT GCCTCTCACA GCAGTCGGCA TGCACTTAGC CCAGGCGGTG 3780 
AAAGCCGGCT GCCCCCTGGA TATGGAGCGA GCTGGCCTGA CCCCAGAGAC TTGGAAGATT 3840 
ATTATGGATG TCATCCGAAA CCCTCCCATC AACTCAGATA TGTATAAAGT TAAACTCATC 3900 
AGAATGTTAG TTCCTGAAAA CATCGACACG TACCTCATCC ACATGGCGAT TGAGATTCTT 3960 
CAGAGTGGTT CCGACAGCAG AACCCAGCCT CCTTGTGATT CCAGCAGGAA GAGGCGTTTC 4020 
CCCAGCTCTG CAGAGAGTTG TGAGAGCTGT AAGGAGAGCA AAGAGGTGGT CACCGAGACC 4080 
AAGGCATCAT CTTCAGAGTC AAAGAGAAAA TTACCTGAGT GGTTTGCCAA AGGAAATGTG 4140 
CCCTCAGCTG ATACCGGCAG CTCATCATCA ATGGCCAAGA CCAAAAAGAA AGGTCTCTTT 4200 
AGTTAA 50 4206 
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[0139] SB^IJ#^ : 4 
lE^JcDg $ : 2 4 

CGCCAGGGTT TTCCCAGTCA CGAC 
[0140] K#|## : 5 
la^ljc^g $ : 2 2 

ia?tj<oM : mm 

TCACACAGGA AACAGCTATG AC 
[0141] IB?U#^ : 6 

mm<DM£ • 1 9 
ga^ijcoM : mm 

mm : 

GATTTAGGTG ACACTATAG 
[0142] ffi?lJS-^ : 7 
ia?iJcOg$ : 2 0 

sb^jcom : mm 

mm : 

TAATACGACT CACTATAGGG 
[0143] E?y## : 8 

Sa?UcOg$ : 2 2 

ib^ijco^ : mm ♦ 
sa?u : 

ACCGCTTGGG ATAAGTGCAT GC 
[0144] B^0«# : 9 

la^lJOgi* : 2 4 

GCATTAATAA AGCTGACATT CGCC 
[0145] IB^lJ## : 1 0 

mm<o&$ : 2 7 
sa^ijcos : mm 

GCTGGAATGC TTGTGGCCCA AAGTCTT 
[0146] laW** : 1 1 

ia?UOg$ : 2 8 

wmow. • mm 

SB^lJ : 

TGAAGTCCAT TCCCGGCCAG CTCTACCG 

[0147] mzm^ : 1 2 

IB?IJ<£>^£ : 3 0 

IB?IJ : 

TCTCCAGCAG CAGCTGATCT TCTGATGACA 
[0148] ga^lJ#-^ : 1 3 
K?!l<Z>fi£ : 2 7 

km<ds! : mm 

sa?u : 

TGGACGCTCG GACTGGGCTA TATGCCA 50 



* mtmmm • m<r>mm (^dna) 

24 

b?u<d«;s : t&vmm (^dna) 

22 

* I3^J<0«IH : ttOfttt (MDNA) 

19 

* e^noa* : m<Dmm (^dna) 

20 

* %m<Dmn • m<omm <mdna> 

22 

la^joffis = m<Dmm (^dna) 

24 
2 7 



BWI(0«JH = (**DNA) 

28 

k#i<z>«s : i&<omm (^dna) 

30 



&m<Dwm nuomit (^dna) 

27 



(25) 



f 
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[0149] mm^ : 1 4 

lE^fiS : 2 6 

ib^ijo® : mm 

AGCTGCTCTG TTGGCCCCTC TGGTGG 
[0150] S3?IJ## : 1 5 
@B?lJ(£>fi$ : 2 7 

EM : 

CCATCCTAAT ACGACTCACT ATAGGGC 
[0151] BHm#* : 1 6 

IB#J<Dg£ : 2 3 

ib^ijcom : mm 

wm : 

ACTCACTATA GGGCTCGAGC GGC 
[0152] IBM** : 1 7 

KM<E>fi£ : 1 4 0 4 

km^s : mm 
m<om • rj^m 

IBM : 

GCATTAATAA AGCTGACATT CGCCAAGTTA TTCATTATGG 
CCTATTACCA GGAAATTGGT AGAGCTGGCC GGGATGGACT 
TCTGGGCTCC AGCAGACTTT AACACATCCA GGAATCTCCT 
AGTTCCGGTT ATATAAATTA AAGATGATGG TAAAGATGGA 
AGTGTAGGCG ACGAATCATC TTGTCCCATT TTGAGGACAA 
TGGACATTAT GGGAACTGAA AAATGCTGTG ATAATTGCAG 
TTACTGCTAA CAACTCAGAG GACGCATCCC AAGACTTTGG 
TGTCTGCTGT GGACATCCTG CAGGAGAAAT TTGGAATTGG 
GAGGATCTAA TTCTCAGCGT CTTCCTGATA AATATCGGGG 
GAAAGGAGCA AGCAGAAAGT TGGTGGAAGA CTCTTTCTCA 
TCTTGGTAGA GGTTCCCAAG GAAAACAAAT ATATAAAGAC 
GTAGAAAGTG GCTTGGAGAA GCCAGTTTGC AGTCTCCTCC 
ATGAAGAGAT GTTTCCAAGG AAAGTTCTGC TACCAAGTTC 
CGACGCAACA TTCCTCTAAT CAAAACCCAG CTGGATTAAC 
AGAGGACGCA TTCTTACAAA GTGCCTGAGA AAGTTTCTTC 
AAAGTGCCGT GATGCCGTCA CCAGGAACAT CTTCCAGCCC 
CCCAAGAGCT GGACGCTCGG ACTGGGCTAT ATGCCAGGTT 
ACGCTAATAA GATGGATGTA CCTCCAGCTA TTTTAGCAGC 
TGGCTAAAAT GAGACCGACT ACTGTTGAAA ACATGAAACA 
GCAAAGCTGC TCTGTTGGCC CCTCTGGTGG GAGTCATCAA 
GTGTTCAGAC AGACCTCCTT TCCAGTGCCA AACCTCACAA 
AGATGGAAAA GAAAGACTGC TCACTCCCCC AGTCTGTGGC 
AGGAAAAGAA AATGCCCTTA CACAGCATAG CTGAGAACAG 
TCGGCATGCA CTTATCCCAA GCGG 
[0153] IBM#-*§- : 1 8 
K#I<Dfi£ : 1 7 8 1 

mm<om • mm 
m<om : 
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* mm&mm - m<omm (^dna) 

26 

»5 Em<omm - m<vmm (^dna) 

27 

★ mmwm : m<o»wt (^dna) 



23 



ftM&KD&M : cDNA to mRNA 



IBM<£>#^ 
iV20 ftfecoffi $R : mouse WRN helicase 



TGCGCCTAAG 
TCAGAGTTCC 
TATTGAGATT 
AAAATACCTT 
ATGTCTGCAG 
GCCCAGGCTG 
GCCACAAGCA 
GATTCCGATC 
TCACAGGCTC 
CCATCTCATA 
ATGTTCCCTC 
GAGCCTTCTC 
TAATCCTGTA 
TACCAAGCAG 
TGGGAGTAAC 
CTTAGAACCT 
GGTGGAAGCA 
AAACAAGGTT 
GATCGACGGT 
ACATTTCTGT 
GGAACAGGAG 
CGTCACATAC 
GCTCCTGCCT 



GAAATGGAAT 
TGTCACTTGC 
CACGATGAAA 
CACTCCAGTC 
AAGGCCTCCT 
AATCATTGCC 
TTCCAGCTAC 
TTATTTCTCC 
TTTGGTGCTG 
GCTGAAGGAT 
ACAAAAAAGG 
CTTCAAGCTA 
TCTCCAGAAA 
TCTAATTTGG 
ATTCCTAAAA 
GCCATCTCAG 
AGGCAGAAAC 
TTGCTGGACA 
GTCTCTGAAG 
CAAGTAACTA 
AAAAGTCAGG 
ACTTTATTCC 
CTCACAGCAG 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1404 



IByy<0ffiH : cDNA to mRNA 



j&(D^m : mouse WRN helicase 




49 




50 
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TCTAAATAAA GCAGAGGAAA ACCTACCTCT GGAGATGAAG AAACAGTTGA ATTTAATCTC 60 
CGAAGAAATG AGGGATCTAG CCAATCGTTT TCCAGTCACT TGCAGAAATT TGGAAACTCT 120 
CCAGAGGGTT CCTGTAATAT TGAAGAGTAT TTCAGAAAAT CTCTGTTCAT TGAGAAAAGT 180 
GATCTGTGGT CCTACAAACA CTGAGACTAG ACTGAAGCCG GGCAGTAGTT TTAATTTACT 240 
GTCATCAGAA GATTCAGCTG CTGCTGGAGA AAAAGAGAAA CAGATTGGAA AACATAGTAC 300 
TTTTGCTAAA ATTAAAGAAG AACCATGGGA CCCAGAACTT GACAGTTTAG TGAAGCAAGA 360 
GGAGGTTGAT GTATTTAGAA ATCAAGTGAA GCAAGAAAAA GGTGAATCTG AAAATGAAAT 420 
AGAAGATAAT CTGTTGAGAG AAGATATGGA AAGAACTTGT GTGATTCCTA GTATTTCAGA 480 
AAATGAACTC CAAGATTTGG AACAGCAAGC TAAAGAAGAA AAATATAATG ATGTTTCTCA 540 
CCAACTTTCT GAGCATTTAT CTCCCAATGA TGATGAGAAT GACTCCTCCT ATATAATTGA 600 
AAGTGATGAA GATTTGGAAA TGGAGATGCT GAAGTCTTTA GAAAACCTAA ATAGTGACAT 660 
GGTGGAACCC ACTCACTCTA AATGGTTGGA AATGGGAACC AATGGGTGTC TTCCTCCTGA 720 
GGAGGAAGAT GGACACGGAA ATGAAGCCAT CAAAGAGGAG CAGGAAGAAG AGGACCATTT 780 
ATTGCCGGAA CCCAACGCAA AGCAAATTAA TTGCCTCAAG ACCTATTTCG GACACAGCAG 840 
TTTTAAACCG GTTCAGTGGA AAGTCATCCA TTCTGTATTA GAAGAGAGAA GAGATAATGT 900 
TGTTGTCATG GCAACTGGAT ATGGGAAGAG TCTGTGCTTC CAGTATCCGC CTGTTTATAC 960 
AGGCAAGATT GGCATTGTCA TTTCACCTCT CATTTCCTTA ATGGAAGACC AAGTCCTCCA 1020 
GCTTGAGCTA TCCAATGTTC CAGCCTGTTT ACTTGGATCT GCACAATCAA AAAATATTCT 1080 
AGGAGATGTT AAATTAGGCA AATATAGGGT CATCTACATA ACTCCAGAGT TCTGTTCTGG 1140 
TAACTTGGAT CTACTCCAGA AACTTGACTC TAGTATTGGC ATCACTCTCA TTGCTGTGGA 1200 
TGAGGCTCAC TGCATTTCAG AGTGGGGCCA TGATTTCAGA AGTTCATTCA GGATGCTGGG 1260 
CTCTCTTAAA ACAGCGCTCC CATTGGTTCC AGTCATTGCA CTCTCCGCTA CTGCAAGCTC 1320 
TTCCATCCGG GAAGACATTA TAAGCTGCTT AAACCTGAAA GACCCTCAGA TCACCTGCAC 1380 
TGGATTTGAT CGGCCAAATC TGTACTTAGA AGTTGGACGG AAAACAGGGA ACATCCTTCA 1440 
GGATCTAAAG CCGTTTCTCG TCCGAAAGGC AAGTTCTGCC TGGGAATTTG AAGGTCCAAC 1500 
CATCATCTAT TGTCCTTCGA GAAAAATGAC AGAACAAGTT ACTGCTGAAC TTGGGAAACT 1560 
GAACTTAGCC TGCAGAACAT ACCACGCTGG CATGAAAATT AGCGAAAGGA AGGACGTTCA 1620 
TCATAGGTTC CTGAGAGATG AAATTCAGTG TGTTGTAGCT ACTGTAGCTT TTGGAATGGG 1680 
CATTAATAAA GCTGACATTC GCCAAGTTAT TCATTATGGT GCGCCTAAGG AAATGGAATC 1740 
CTATTACCAG GAAATTGGTA GAGCTGGCCG GGATGGACTT C 1781 



GGCAGGCGCC AGACCAGAAG TGCACCGAGG CGCCCGTTGG TATAAAGTTA GTAAATGTGA 60 

GGCCTGTCTC GATGCCTGGG TCCTGGGCTT TGGTTCTCAG TCCTCCATAA ATCATCCTGC 120 

TGGAGGAGAA GACCCTTAGA TCTGGCTCTT CTCAGGGGCA TTTTAAAGAC AAATGAAAAT 180 

AAAATGGAAA CCACTTCACT ACAGCGGAAA TTTCCAGAAT GGATGTCTAT GCAGAGTCAA 240 

AGATGTGCTA CAGAAGAAAA GGCCTGCGTT CAGAAGAGTG TTCTTGAAGA TAATCTCCCA 300 

TTCTTAGAAT TCCCTGGATC CATTGTTTAC AGTTATGAAG CTAGTGATTG CTCCTTCCTG 360 

TCTGAAGACA TTAGCATGCG TCTGTCTGAT GGCGATGTGG TGGGATTTGA CATGGAATGG 420 

CCGCCCATAT ACAAGCCAGG GAAACGAAGC AGAGTCGCAG TGATCCAGTT GTGTGTGTCT 480 

GAGAACAAAT GTTACTTGTT TCACATTTCT TCCATGTCAG TTTTCCCCCA GGGATTAAAA 540 

ATGTTACTAG AAAACAAATC AATTAAGAAG GCAGGGGTTG GGATTGAAGG GGACCAGTGG 600 

AAACTTCTGC GTGATTTTGA CGTCAAGTTG GAGAGTTTTG TGGAGCTGAC GGATGTTGCC 660 

AATGAAAAGT TGAAGTGCGC AGAGACCTGG AGCCTCAATG GTCTGGTTAA ACACGTCTTA 720 

GGGAAACAAC TTTTGAAAGA CAAGTCCATC (3SCTGCAGCA ATTGGAGTAA TTTCCCCCTC 780 



[0154] isyus-g- : 1 9 

BjyiKOfi* : 1 1 6 4 

mm<om : mm 



* ga?IJO@IS : cDNA to mRNA 
f&CDfi ft : mouse WRN helicase 



% 




(27) 



t 



0-146188 



51 



52 



ACTGAGGACC AGAAACTGTA TGCAGCCACT GATGCCTATG CTGGTCTTAT CATCTATCAA 840 

AAATTAGGAA ATTTGGGTGA TACTGTGCAA GTGTTTGCTC TAAATAAAGC AGAGGAAAAC 900 

CTACCTCTGG AGATGAAGAA ACAGTTGAAT TTAATCTCCG AAGAAATGAG GGATCTAGCC 960 

AATCGTTTTC CAGTCACTTG CAGAAATTTG GAAACTCTCC AGAGGGTTCC TGTAATATTG 1020 

AAGAGTATTT CAGAAAATCT CTGTTCATTG AGAAAAGTGA TCTGTGGTCC TACAAACACT 1080 

GAGACTAGAC TGAAGCCGGG CAGTAGTTTT AATTTACTGT CATCAGAAGA TTCAGCTGCT 1140 

GCTGGAGAAA AAGAGAAACA GATT 1164 



GCTGCTCTGT TGGCCCCTCT GGTGGGAGTC ATCAAACATT TCTGTCAAGT AACTAGTGTT 60 

CAGACAGACC TCCTTTCCAG TGCCAAACCT CACAAGGAAC AGGAGAAAAG TCAGGAGATG 120 

GAAAAGAAAG ACTGCTCACT CCCCCAGTCT GTGGCCGTCA CATACACTTT ATTCCAGGAA 180 

AAGAAAATGC CCTTACACAG CATAGaGAG AACAGGCTCC TGCCTCTCAC AGCAGTCGGC 240 

ATGCACTTAG CCCAGGCGGT GAAAGCCGGC TGCCCCCTGG ATATGGAGCG AGCTGGCCTG 300 

ACCCCAGAGA CTTGGAAGAT TATTATGGAT GTCATCCGAA ACCCTCCCAT CAACTCAGAT 360 

ATGTATAAAG TTAAACTCAT CAGAATGTTA GTTCCTGAAA ACATCGACAC GTACCTCATC 420 

CACATGGCGA TTGAGATTCT TCAGAGTGGT TCCGACAGCA GAACCCAGCC TCCTTGTGAT 480 

TCCAGCAGGA AGAGGCGTTT CCCCAGCTCT GCAGAGAGTT GTGAGAGCTG TAAGGAGAGC 540 

AAAGAGGTGG TCACCGAGAC CAAGGCATCA TCTTCAGAGT CAAAGAGAAA ATTACCTGAG 600 

TGGTTTGCCA AAGGAAATGT GCCCTCAGCT GATACCGGCA GCTCATCATC AATGGCCAAG 660 

ACCAAAAAGA AAGGTCTCTT TAGTTAAGAT GACAACGATG GAACAGTTTG TGTGTCCTAC 720 

ATCTTCATTC CTATAAAGAA TGAAAAGAAA TATTTTAACC TCAAAATTAT TTAAAGTCCA 780 

AAGTGAAGCT CACCTAAACG TCGAGCCATA GAGTCTTTAA TTGCCCGTTG GCAGTTGAGC 840 

TACAGTATCT GAACCTTCTG AGACCCGGAG TGCAGCATAG ACTGTGAAGT CGGCTTCCTT 900 

TCCGATTGCC TTCCGAACCG GTGCCACTGT CAGGTTGCAG TTTTTCTTTT TTTGCAGCAG 960 

TGTGTGTTGG AAATGGAGGC TGTGTCGCTT TGACATATAG AACAGATCAA TAGTTGCATA 1020 

GGGACAGATA TGAAGATACA GCCGGTCTTT GCTTTCTTAT GCAGATGCCT GTATGACAGT 1080 

ATCAGTGCAC CAGCCCAGCC AGGGAGAATC AGCTTCCATT TAAAAAGGGA AAGCGGACAA 1140 

GGACTCCAGT TACAGAAACA ACTAAATTTT ATGCATTTTC TGCAGTTTTT ATTATTTCTC 1200 

AATCAAAAGT GTTTTTTGTA CTGAATAGTA AATATACTAA ATTTTCATTT TTTAAAAAAA 1260 
AAAAAAAAAA AAAAAA 



[0155] m^m-^r : 2 0 
%m<D&£ : 1 2 7 6 

mm<Dm - mm 



io &Ma%x : 



* mn<Dmm - cdna to rirna 



fl&<OfS« : mouse WRN helicase 



<o«ssr*i-ia-e*>So 

[g| 2] -^^^WRN - K"t"5^^^«Sr* 

[El 3] ^»>^WRN aUS^Sr&tfBAC DNA Srfflvyfc FIS^ 



[El 4] -^^^WRN ae^OlMP^^n^ MCfcSAWf 
40 W»*fc«^««ik»<D3W-C& £ 0 
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1 st LD PCR 



2nd LD PCR 
AP2 



1 



5-GSP3 



5'GSP3 



API 



(2) 



mi] 



(D 

iiniiiiiiifiiiiiniMiiMiiiiiiiiiiiiiiiiiiiiiii mRNA 
AG! 911 \ 



cDNA 



PCR AG1897 



3*GSPI 3"CSP2 



5'GSPZ 5'GSPl 



5'GSP2 



1st LD PCR 



AP2 



I 



2nd LD PCR 5*GSP1 



5'GSP2 
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3'GSP1 _ 
ss> 1st LD PCR 



3GSP2 
cr§> 



1 



2nd LD PCR 
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AP2 



±S C DNA 
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[ El 2] 



(A) 



aa V- 



I 



WRH/mouse 533 WMATGYGKSLCFQ 
WRN/human 646 AVMATGYGK5LCFQ 
RecQl/human ill LVMPT6GGKSLCYQ 
RectyE.coli 45 WMPTGGGKSLCYO 

it ix inn % 



IV 



WRN/roouse 
WRN/human 
RecQl/human 
RecQ/E.coli 



237 I 



Ia_ 

557 IVISPLISLMED 
671 LVISPLIS1MED 
135 LVICPLISLMED 
69 VWSPLISLMKD 



730 GPTIIYCPSRW 
842 GPTIIYCPSRIC _ 
315 QSGIIYCFSQKDSe 
KSGIIYCMSKAKVE 

tm r* *** 



784 IATIAFGMGINKADIRQYI 
896 IAT1AFGMGINKADIRQVI 
368 VATVAFGHGIDKPDVRFVI 
291 VATVAFGMGINKPKVRFW 

tt umt*t ♦ * t* 



II 

628 LIAVDEAHCIS 
142 LLAVOEAHCIS 

•*««•«•» 

VI 



HI 

664 IALSATA5SSIR 
777 VALTATASSSIR 
251 IGLTATATKHVL 
178 MALTATADDTTR 
*t*t« * 

Accession U 



812 SYYQEIGRAGR 
9Z4 SYYQEIGRAGR 
397 NYYOESGRAGR 
319 SYYQETGRAGR 

•«« tun 



D86526-7 
L76937 
D37984 
P15G43 




[0 3] 



\ 




% f 



7 vis h^<—i?<£>Wz% 



*SMW¥ 10-146188 



(51) Int. CI. 6 BRS'JIB-g- FI 

C 1 2 P 21/02 C 1 2 P 21/08 

21/08 C 1 2 Q 1/68 

C 1 2 Q 1/68 C 1 2 N 5/00 B 



